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AM26C31C, AM26C31I 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 



D3636. DECEMBER 1990-REVISED MARCH 1991 



Meets EIA Standard RS-422-A and CCITT 
Recommendation V.11 

Low Power, lrjc = 100 u.A Typ 

Operates From a Single 5-V Supply 

• High Speed, t PLH = t PHL = 7 ns Typ 

• Low Pulse Distortion (t s k(p) = 0.5 ns Typ) 

• High Output Impedance in Power-Off 
Conditions 

• Improved Replacement for AM26LS31 

description 

The AM26C31C and AM26C31I are quadruple 
complementary-output line drivers designed to 
meet the requirements of EIA Standard RS-422-A 
and CCITT V.11. The 3-state outputs have 
high-current capability for driving balanced lines 
such as twisted-pair or parallel-wire transmission 
lines, and they provide a high-impedance state in 
the power-off condition. The enable function is 
common to all four drivers and offers the choice of 
an active-high or active-low enable input. BiCMOS 
circuitry reduces power consumption without 
sacrificing speed. 

The AM26C31C is characterized for operation 
from 0°C to 70°C and the AM26C31I is 
characterized for operation from - 40°C to 85°C. 
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FUNCTION TABLE (EACH DRIVER) 



INPUT 
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ENABLES 


OUTPUTS 
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H = high level 

L = low level 

X = irrelevant 

Z = high impedance (off) 

logic diagram (positive logic) 
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t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and IEC 
Publication 61 7-1 2. 
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AM26C31C,AM26C31I 

QUADRUPLE DIFFERENTIAL LINE DRIVERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage range, Vcc (see Note 1) - 0.5 V to 7 V 

Input voltage range, V| - 0.5 Vto Vcc + 0-5 V 

Output voltage range, V -0.5Vto7V 

Clamp diode current, I|k or Iqk ±20mA 

Output current, Iq ± 150 mA 

Vcc current 200 mA 

GND current -200 mA 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : AM26C31C 0°C to 70°C 

AM26C31I -40°Cto85°C 

Storage temperature range -65°Cto150°C 

Lead temperature 1 ,6 mm (1/16 inch) from case for 10 seconds 260°C 

NOTE 1 : All voltage values, except differential output voltage Vod, are with respect to network ground terminal. 



DISSIPATION RATING TABLE 



PACKAGE 


T A 5 25'C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25°C 


T A = 70°C 
POWER RATING 


T A = 85°C 
POWER RATING 


D 
N 


950 mW 
1150 mW 


7.6 mW/°C 
9.2 mW/°C 


608 mW 
736 mW 


494 mW 
598 mW 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.5 5 5.5 


V 


High-level input voltage, V|h 


2 


V 


Low-level input voltage, V|[_ 


0.8 


V 


High-level output current, Iqh 


- 20 


mA 


Low-level output current, Iql 


20 


mA 


Operating free-air temperature, T A 


AM26C31C 


70 


°C 


AM26C31I 


-40 85 



2 
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AM26C31C, AM26C31I 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN 


TYPt 


MAX 


UNIT 


V H 


High-level output voltage 


io=- 


20 mA 






2.4 


3.4 




V 


vol 


Low-level output voltage 


lO = 20 mA 




0.2 


0.4 


V 


|v 0D l 


Differential output voltage 


R|_= 100 £2 


2 


3.1 




V 


a I v 0D I 


Change in magnitude of differential 
output voltage* 


R L = 100 Q 


1 0.4 


V 


voc 


Common-mode output voltage 


R L =100Q 


3 


V 


A I Vqc I 


Change in magnitude of 
common-mode output voltage* 


R|_ = 100 Q 


± 0.4 


\/ 


1 1 Input current 


V| atVcc. V IH. V IL- orGND 


± 1 


liA 


'0(off) 


Driver output current with power off 


vcc 


■ 0, 


v = e 


V 


100 


uA 


VCC 


' 0, 


v =- 


0.25 V 


-100 


lOS 


Driver output short-circuit current 


v = 









-30 




-150 


mA 


lOZ 


Off-state (high-impedance state) 


V = 


2.5 V 






20 


uA 


output current 


v = 


0.5 V 






-20 


uA 






IO = 0, 


V| = or 5 V 


100 


uA 


'cc 


Quiescent supply current 


10 = 0. 
See Note 2 


V| = 2.4 or 0.5 V, 




1.5 


3.0 


mA 


Ci 


Input capacitance 




6 


pF 


t All typical values are at Vcc = 5 V and T~a = 25°C. 

* A | Vod I and A | Vqc I are the changes in magnitude of Vod and Vqc. respectively, that occur when the input is changed from a high level 
to a low level. 

NOTE 2: Measured per input. All other inputs are at or 5 V. 


switching characteristics, Vcc = 5 V, T a 


= 25°C 














PARAMETER 


TEST CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


tpLH 


Propagation delay time, low-to-high-level output 










7 


12 


ns 


tPHL 


Propagation delay time, high-to-low-level output 


See Figures 1 and 2, 


S1 is open 




7 


12 


ns 


tsk(p) 


Pulse skew (| tp[_H - tpHLl) 












0.5 


4 


ns 


VD. tfD 


Differential output rise and fall times 




See Figures 1 and 4, 


S1 is open 




5 


10 


ns 


>PZH 


Output enable time to high level 












10 


19 


ns 


tpZL 


Output enable time to low level 




See Figures 1 and 3, 


S1 is closed 




10 


19 


ns 


tPHZ 


Output disable time from high level 












7 


16 


ns 


tpLZ 


Output disable time from low level 












7 


16 


ns 


Cpd 


Power dissipation capacitance (see Note 3) 




No load, 




T A = 25°C 


100 


pF 



NOTE 3: Cpd is used to estimate the switching losses according to Pp = Cpd Vcc 2 f where Pq is in watts, Cpd is in farads, Vcc is in volts . and 
f is in hertz. 
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AM26C31C, AM26C31I 

QUADRUPLE DIFFERENTIAL LINE DRIVERS 



PARAMETER MEASUREMENT INFORMATION 



Input — dut> 



I [ i 40 pF 



50 Q 



"I 



500 Q 



X 



40 pF 



50 £2 



S1 



1.5 V 



Figure 1. Test Circuit 
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J 



Output Z 
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1/ V 0H 

vol 



Figure 2. Propagation Delay Times and Skew Waveforms 
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1.5V 
Enable G — 



Waveform 1 
(see Note D) 



Waveform 2 
(see Note D) 



(see Note C) 
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*PHZ - 



0.5 V 



1.5 V 

- -OV 
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vol 
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-1.5 V 



Figure 3. Enable and Disable Time Waveforms 

NOTES: A. All input pulses are supplied by generators having the following characteristics: PRR s 1 MHz, Z - 50 £2, t r s 1 5 ns, and tf s 6 ns. 

B. When measuring propagation delay times and skew, switch S1 is open. 

C. Each enable is tested separately. 

D. Waveform 1 is for an output with internal conditions such that the output is low except when disabled by the output control. Waveform 2 
is for an output with internal conditions such that the output is high except when disabled by the output control. 
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AM26C31C, AM26C31I 
QUADRUPLE DIFFERENTIAL LINE DRIVERS 



PARAMETER MEASUREMENT INFORMATION 



Output 
(Differential) 




Figure 4. Differential Rise and Fall Times 
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AM26C32C, AM26C32I 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 

D3634, DECEMBER 1 990 - REVISED FEBRUARY 1 991 



Meets EIA Standards RS-422-A, RS-423-A, 
and CCITT Recommendation V.11 

Low Power, l cc = 9 mA Typ 

±7-V Common-Mode Range With ± 200-mV 
Sensitivity 

Input Hysteresis . . . 60 mV Typical 
t pd = 19 ns (Typ) 

Operates From a Single 5-V Supply 
3-State Outputs 
Input Fail-Safe Circuitry 
Improved Replacement for i 



D OR N PACKAGE 
(TOP VIEW) 




GND [ 8 



description 



The AM26C32C and AM26C32I are quadruple line receivers for balanced and unbalanced digital data 
transmission. The enable function is common to all four receivers and offers a choice of active-high or active-low 
input. Three-state outputs permit connection directly to a bus-organized system. Fail-safe design ensures that 
if the inputs are open, the outputs will always be high. 

The AM26C32 is manufactured using a BiCMOS process, which is a combination of bipolar and CMOS 
transistors. This process provides the high-voltage and current of bipolar with the low power of CMOS to reduce 
the power consumption to about one-fifth that of the standard AM26LS32 while still maintaining ac and dc 
performance. 

The AM26C32C is characterized for operation from 0°C to 70°C and the AM26C32I is characterized from 
- 40°C to 85°C. 



FUNCTION TABLE 
(each receiver) 



DIFFERENTIAL 


ENABLES 


OUTPUT 


INPUT 


G G 


V|D * Vjh 


H X 
X L 


H 
H 


VTL = V|d s Vjh 


H X 
X L 


? 
? 


V|D * Vjh 


H X 
X L 


L 
L 


X 


L H 


Z 



H = high level, L = low level, X ■ irrelevant 
Z = high impedance (off), ? = indeterminate 
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AM26C32C, AM26C32I 

QUADRUPLE DIFFERENTIAL LINE RECEIVERS 



logic symbolt 



logic diagram (positive logic) 
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t This symbol is in accordance with ANSI/IEEE Std 91 -1 984 and IEC 
Publication 617-12. 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, Vqc (see Note 1) 7 V 

Input voltage range, V|: AorBJnputs -12 to 14 V 

G or G inputs 7 V 

Output voltage, Vo 7 V 

Output current, Iq ±25 m A 

Continuous total power dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : AM26C32C 0°C to 70°C 

AM26C32I - 40°C to 85°C 

Storage temperature range - 65°C to 1 50°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 

NOTE 1 : All voltage values, except differential output voltage Vod. are with respect to network ground terminal. Currents into the device are 
positive and currents out of the device are negative. 

DISSIPATION RATING TABLE 



PACKAGE 


T A s 25°C 
POWER RATING 


DERATING FACTOR 
ABOVE Ta = 25X 


Ta = 70°C 
POWER RATING 


Ta = 85°C 
POWER RATING 


D 
N 


950 mW 
1150 mW 


7.6 mW/°C 
9.2 mWrC 


608 mW 

736 mW 


494 mW 
598 mW 
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AM26C32C, AM26C32I 
QUADRUPLE DIFFERENTIAL LINE RECEIVERS 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.5 5 5.5 


V 


High-level input voltage, Vm 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


Common-mode input voltage, Vic 


±7 


V 


High-level output current, Ioh 


-6 


mA 


Low-level output current, Iql 


6 


mA 


Operating free-air temperature, T/s, 


AM26C32C 


70 


•C 


AM26C32I 


-40 85 


electrical characteristics over recommended ranges of Vcc. V IC> and operating free-air 
temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Vjh Differential input high-threshold voltage 


VQ = voH m i n . Ioh = — 440 m-a 


0.2 


V 


Vtl Differential input low-threshold voltage 


Vo = 0.45 V, Iol = 8 mA 


-0.2* 


V 


v hys Hysteresis, Vj + - Vj_ 




60 


mV 


V|« Enable input clamp voltage 


V CC =MIN, l|=-18mA 


- 1.5 


V 


v OH High-level output voltage 


V|d = 200 mV, Ioh = - 6 mA 


2.7 


V 


Vol Low-level output voltage 


V|D = - 200 mV, Iol = 6 mA 


0.2 0.3 


V 


Off-state (high-impedance-state) 
^ z output current 


Vo = V C C °r GND 


±0.5 ±5 


uA 


l| Line input current 


V| = 10V, Other input at V 


1.5 


mA 


V| = - 1 V, Other input at V 


-2.5 


l|H High-level enable current 


V| = 2.7V 


20 


HA 


1 1 1_ Low-level enable current 


V| = 0.4 V 


- 100 


HA 


rj Input resistance 


One input to ac ground 


17 


k£2 


Ice Supply current 


V C C - MAX 


All outputs disabled 


9 14 


mA 


All outputs enabled 


12 


switching characteristics over recommended ranges of Vcc. V IC and operating free-air 
temperature (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


tpLH Propagation delay time, low-to-high-level output 


See Figure 1 


10 19 30 


ns 


'PHL Propagation delay time, high-to-low-level output 


10 19 30 


ns 


tf Output fall time 


See Figure 1 


4 9 


ns 


t r Output rise time 


4 9 


ns 


fPZH Output enable time to high level 


See Figure 1 


13 22 


ns 


tpzL Output enable time to low level 


13 22 


ns 


tpHZ Output disable time from high level 


See Figure 1 


13 22 


ns 


'PLZ Output disable time from low level 


13 22 


ns 



t All typical values are at Vcc = 5 V, Ta = 25°C, and V|c = 0. 

* The algebraic convention, where the less positive (more negative) limit is designated as minimum, is used in this data sheet for threshold levels 
only. 
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AM26C32C, AM26C32I 

QUADRUPLE DIFFERENTIAL LINE RECEIVERS 



Test Point 



PARAMETER MEASUREMENT INFORMATION 

vcc 



From Output 
Under Test 



C|_ = 50 pF 
(see Note A) 




TEST CIRCUIT 




Output 



*PHZ S1 closed 

S2 closed 



VOLTAGE WAVEFORMS FOR t PH z. *PZH 

NOTES: A. C|_ includes probe and jig capacitance. 

B. All diodes are 1 N3064 or_equivajent. 

C. Enable G is tested with G high; G is tested with G low. 



Input 



tpLrH* *i 



+ 2.5V 
-2.5 V 



Output 



1.3 
10% 



v \/To 

| S1 



~^\~ IPHL 



t r - ►) 



90% 90% | V. 1.3 V 

and S2 closed i"\ iu% 

i r~ 



V H 

vol 



VOLTAGE WAVEFORMS FOR tp LH , tp H L 



—►I \4~ s 5 ns 




V 

51 closed 

52 closed 
0.5 V 

/ri- 1 - 4V 

J. ^ v 0L 

VOLTAGE WAVEFORMS FOR t PL z, tp ZL 



Output S1 closed 
S2 open 



Figure 1 
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SN75ALS085 

LAN ACCESS UNIT INTERFACE DUAL DRIVER/RECEIVER 



D3279, APRIL 1989 



Compatible with IOS 8802.3:1989 and 
ANSI/IEEE Std 802.3-1988 

Interdevice Loop-Back Paths for System 
Testing 

Squelch Function Implemented on the 
Receiver Inputs 

• Drivers Will Drive a Balanced 78-0 Load 

• Transformer Coupling Not Required in 
System 

• Power-Up/Power-Down Protection (Glitch- 
Free) 

• Isolated Ground Pins for Reduced Noise 
Coupling 

• Fault-Condition Protection Built into the 
Device 

• Driver Inputs Are Level-Shifted ECL 
Compatible 



NT 

DUAL-IN-LINE PACKAGE 
ITOP VIEW) 



TXI1 


r 

I — 


iu 2 4 


n 

_j 


txoi 


TXEN1 


L" 


2 


23 


1 


txoi 


LOOP1 


: 


3 


22 


: 


vcc 


GND 


: 


4 


21 


] 


RXI1 


RXEN1 


c 


5 


20 


] 


Rxn 


RX01 


c 


6 


19 


] 


GND 


RX02 


c 




18 


: 


GND 


RXEN2 


L" 


8 


1 7 


: 


RXI2 


GND 


C 


9 


16 


: 


RXI2 


LOOP2 


c 


10 


1 5 


: 


vcc 


TXEN2 


c 


11 


14 


: 


TX02 


TXI2 


a 


12 


13 


: 


TX02 



description 



The SN75ALS085 is a monolithic, high-speed, advanced low-power Schottky, dual-channel driver/receiver 
device designed for use in the AUI of ANSI/IEEE Std 802.3-1 988. The two drivers on the device will drive 
a 78-°. balanced, terminated twisted-pair transmission line up to a maximum length of 50 meters. In the 
off (idle) state, the drivers will maintain minimal differential output voltage on the twisted-pair line and, 
at the same time, remain within the required output common-mode range. 

With the driver enable (TXEN) high, upon receiving the first falling edge into the driver input, the differential 
outputs will rise to full-amplitude output levels within 25 ns. The output amplitude will be maintained for 
the remainder of the packet. After the last positive packet edge transmitted into the driver, the driver will 
maintain a minimum of 70% of full differential output for a minimum of 200 ns, then decay down to a 
minimum level for the reset (idle) condition within 8 /ts. Disabling the driver by taking the driver enable 
low will also force the output into the idle condition after the normal 8-jis timeout. While operating, the 
driver is able to withstand a set of fault conditions and not suffer damage due to the faults being applied. 
The drivers will power up in the idle state to ensure that no activity is placed on the twisted-pair cable 
that could be interpreted as network traffic. 

The line receiver squelch function interfaces to a differential twisted-pair line terminated external to the 
device. The receiver squelch circuit allows differential receive signals to pass through as long as the input 
amplitude and pulse duration are greater than the minimum squelch threshold. This assures a good signal- 
to-noise ratio while the data path is active and prevents system noise from causing false data transitions 
during line shut down and line-idle conditions. The RXO outputs default to a high level and the RXEN outputs 
default to a low level while the squelch function is blocking the data path through the receiver (idle). The 
line receiver squelch will become active within 50 ns when the input squelch threshold is exceeded. The 
RXEN pin will be driven high while the squelch circuit is allowing data to pass through the receiver. The 
receiver squelch circuit will also withstand a set of fault conditions while operating without causing 
permanent damage to the device. 
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The purpose of the loop functions is to provide a means by which system data path verification can be 
done to isolate faulty interfaces and assist in network diagnosis. The LOOP pins are TTL compatible and 
must be held high for normal operation. When LOOP1 is taken low, the output of driver 1 (TX01 ) immediately 
goes i nto the idle state. Also, the input to receiver 1 is ignored and a path from TXI1 to RX01 is established. 
When LOOP1 is taken back high, driver 1 and receiver 1 revert back to their normal operation. When LOOP2 
is taken low, a similar data path is established between TXI1 and RX02. TXEN1 must be high for the 
loop functions to operate and TXEN1 can be used to gate the loop function if desired. During loop operation, 
the respective receiver enable output (RXEN) will reflect the status of TXEN1. 



RECEIVER FUNCTION TABLE 
LOOP - H 





OUTPUTS 


RXI 


PREVIOUS RXEN 


RXEN 


RXO 


V|D 


= 1 31 5 mV to - 1 75 mV, t w < 25 ns 


L 


L 


H 


V|D 


= - 275 mV to - 1 31 5 mV, t w > 50 ns 


X 


H 


L 


V|D 


= 318 mV to 1315 mV, t w < 130 ns 


H 


H 


H 


V|D 


= 318 mV to 1315 mV, t w > 1 75 ns 


X 


L 


H 



DRIVER FUNCTION TABLE 
LOOP - H 



TXI 


TXEN 


PREVIOUS TXO 


OUTPUT TXO 


L 


L 


IDLE 


IDLE 


H 


L 


IDLE 


IDLE 


1 


H 


IDLE 


L 


L 


H 


ACTIVE 


L 


H < 200 ns 


H 


ACTIVE 


H 


H > 8 ps 


H 


ACTIVE 


IDLE 


L 


L > 8 /is 


ACTIVE 


IDLE 


H < 200 ns 


L > 8 /is 


ACTIVE 


IDLE 


H < 200 ns 


L < 200 ns 


ACTIVE 


H 


H > 8 /is 


L < 200 ns 


ACTIVE 


IDLE 


L 


L < 200 ns 


ACTIVE 


L 



V| 5: Vj max, L = V| < Vj min 
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LOOP FUNCTION TABLE 



INPUTS 


OUTPUTS 


LOOP1 


L00P2 


TXI1 


TXEN1 


RXI1 


RXI2 


RX01 


RX02 


RXEN1 


RXEN2 


TX01 




L 


L 


H 


X 


X 


L 


L 


H 


H 


IDLE 




L 


H 


H 


X 


X 


H 


H 


H 


H 


IDLE 




L 


X 


L 


X 


X 


H 


H 


L 


L 


IDLE 




H 


L 


H 


X 


NORMAL 


L 


NORMAL 


H 


NORMAL 


IDLE 




H 


H 


H 


X 


NORMAL 


H 


NORMAL 


H 


NORMAL 


IDLE 




H 


X 


L 


X 


NORMAL 


H 


NORMAL 


L 


NORMAL 


IDLE 


H 


L 


L 


H 


NORMAL 


X 


NORMAL 


L 


NORMAL 


H 


IDLE 


H 


L 


H 


H 


NORMAL 


X 


NORMAL 


H 


NORMAL 


H 


IDLE 


H 


L 


X 


L 


NORMAL 


X 


NORMAL 


H 


NORMAL 


L 


IDLE 


H 


H 


NORMAL 


NORMAL 


NORMAL 


NORMAL 


NORMAL 


NORMAL 


NORMAL 


NORMAL 


NORMAL 



H = high level, L = low level, X = don't care 



schematics of inputs and outputs 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply v oltage , Vcc (see Note 1 ) 6 V 

TXI and LOOP input voltage 5.5 V 

TXO and TXO output voltage 16 V 

RXI and RXI input voltage 16 V 

RXO and RXEN output voltage 5.5 V 

Continuous total power dissipation at (or below) 25 °C (see Note 2) 1250 mW 

Operating free-air temperature range 0°C to 70 °C 

Storage temperature range -65°Cto150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260 °C 



NOTES: 1 . Voltage values are with respect to network ground terminal. 

2. For operation above 25°C free-air temperature, derate linearly to 800 mW at 70°C at the rate of 10 mW/°C. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, Vcc 


4.75 5 5.25 


V 


Common-mode voltage at RXI inputs, V|c 


1 4.2 


V 


Differential voltage between RXI inputs, V|d 


±318 ±1315 


mV 


High-level input voltage, LOOP and TXEN, V|h 


2 


V 


Low-level input voltage, LOOP and TXEN, V||_ 


0.8 


V 


High-level output current, RXO and RXEN, Iqh 


-0.4 


mA 


Low-level output voltage, RXO and RXEN, Iql 


16 


mA 


Setup time. Driver mode, TXEN high before TXIi, t su i (see Figure 8) 


10 


ns 


Setup time. Loop mode, LOOP low before TXENt, t su 2 (see Figure 101 


15 


ns 


Setup time. Loop mode, TXEN high before TXII, t su 3 (see Figure 10) 


10 


ns 


Hold time. Loop mode, TXEN high after TXIT, t n i (see Figure 9) 


10 


ns 


Hold time. Loop mode, LOOP low after TXEN1, th2 (see Figure 9) 


15 


ns 


Operating free-air temperature, Ta 


70 


°C 
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electrical characteristics over recommended ranges of operating free-air temperature and supply voltage 
(unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


V|k Clamp voltage at all inputs 


l| = -18 mA 


-1.5 


V 


Vj Driver input (TXII threshold voltage 


T A = 0°C 


V C C = 4.75 V 


3.202 3.752 


V 


V C C = 5 V 


3.389 3.998 


V C C = 5.25 V 


3.577 4.244 


T A = 25 °C 


V CC = 4 75 v 


3.213 3.797 


V 


V CC = 5 V 


3.400 4.043 


Vqc = 5.25 V 


3.588 4.289 


T A = 70 °C 


V CC = 4 - ? 5 V 




V 


V C C = 5 V 


3.426 4.095 


V CC = 5.25 V 


J. D 1 *f *t-.o*t 1 


V IDT Receiver differential input threshold voltage 




-275 


mV 


Driver output (TXO) common-mode 

v OC 

voltage 


Idle 


TXEN at 0.8 V, LOOP1 at 2 V, 
LOOP2 at 2 V, See Figure 1 


1 4.2 


V 


Active 


TXEN at 2 V, LOOP1 at 2 V, 
LOOP2 at 2 V, TXI at 3.2 V, 
See Figure 1 


1 4.2 


Active 


TXEN at 2 V, LOOP1 at 2 V, 
LOOP2 at 2 V, TXI at 4.4 V, 
See Figure 1 


1 4.2 


Driver output (TXOI differential 
voltage 


Idle 


TXEN at 0.8 V, LOOP1 at 2 V, 
LOOP2 at 2 V, See Figure 1 


±40 


mV 


Active 


TXEN at 2 V, LOOP1 at 2 V, 
LOOP2 at 2 V, TXI at 3.2 V, 
See Figure 1 


— oUU — 1 J 1 D 


Active 


TXEN at 2 V, LOOP1 at 2 V, 
LOOP2 at 2 V, TXI at 4.4 V, 
See Figure 1 


600 1315 


V()H High-level output voltage 


RXO, RXEN 


Iqh - -0.4 mA 


2 4 




Vol Low-level output voltage 


RXO, RXEN 


lOL = 16 mA 


0.5 


V 


l|H High-level input current 


TXEN, LOOP 


V| = 2 V 


20 




TXI 


V| = 4.5 V 


400 


RXI, RXI 


V| D = -0.5 V, Vie = 1 V to 4.2 V 


1000 


l|l_ Low-level input current 


TXEN, LOOP 


V| = 0.8 V 


-200 


INK 


TXI 


V| - 3.1 V 


100 


V| = 0.3 V 


4 10 


RXI, RXI 


V| D = 0.5 V, V| C = 1 V to 4.2 V 


1000 


'OD Driver differential output current 


Idle 


TXEN at 0.8 V, LOOP1 at 2 V. 
LOOP2 at 2 V, See Figure 2 


±4 


mA 


Iqs Short-circuit output current 


RXO, RXEN 


Vo at V, RXI at 3 V, RXI at 2 V 


-40 -150 


mA 


ICC Supply current 


TXI at 4.5 V, Outputs open 


225 


mA 



♦Not more than one output should be shorted at a time, and the duration of the test should not exceed 1 second. 
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electrical characteristics over recommended ranges of operating free-air temperature and supply voltage 
(unless otherwise noted) (continued) 



PARAMETER 


TEST CONDITIONSt 


MIN MAX 


UNIT 


Driver fault condition current 


\ au snortBu to i au, 
Current measured in short 


150 


mA 


i au at u v, i au is open. 
Current measured at TXO 


150 


TXO is open, TXO at 0, 
Current measured at TXO 


150 


i au at u v, i au at u v. 

Current measured at TXO and TXO 


150 


TXO at 16 v, TXO is open. 
Current measured at TXO 


150 


TXO is open, TXO at 16 V, 
Current measured at TXO 


150 


TXO at 16 V, TXO at 1 6 V, 
Current measured at TXO and TXO 


150 


Receiver fault condition current 


RXI shorted to RXI, 
Current measured in short 


10 


mA 


DVI at n \/ DVI ir> nnan 

nAl at u v, Mai is open. 
Current measured at RXI 


3 


RXI is open, RXI at V, 
Current measured at RXI 


3 


RXI at V, RXI at V, 

Current measured at RXI and RXI 


3 


RXI at 16 V, RXI at open, 
Current measured at RXI 


10 


RXI at open, RXI at 16 V, 
Current measured at RXI 


10 


RXI at 16 V, RXI at 16 V, 
Current measured at RXI and RXI 


10 



f Fault conditions should be measured on only one channel at a time. 
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switching characteristics over recommended ranges of operating free-air temperature and Vcc (unless 
otherwise noted) 

driver 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 




MIN MAX 


UNIT 


*PLH 


Propagation delay time, 
low-to-high level output 


TXI 


TXO, TXO 


TXEN at 2 V, See Figure 3 


15 


ns 


tpHL 


Propagation delay time, 
high-to-low level output 


TXI 


TXO, TXO 


TXEN at 2 V, See Figure 3 


15 


ns 


«PIL 


Propagation delay time, 
idle-to-low level output 


TXI 


TXO, TXO 


TXEN at 2 V, See Figure 4 


25 


ns 


'PIL 


Propagation delay time, 
idle-to-low level output 


TXEN 


TXO, TXO 


TXI at 3.2 V, See Figure 5 


25 


ns 


<PH70 


Propagation delay time, 


TXI 


TXO, TXO 


TXEN at 2 V, See Figure 6 


200 


ns 


high-to-70% level output 


TXEN 


TXO, TXO 


TXI at 4.4 V, See Figure 7 


200 


tPHI 


Propagation delay time. 


TXI 


TXO, TXO 


TXEN at 2 V, See Figure 6 


200 


8000 


ns 


high-to-tdle output 


TXEN 


TXO, TXO 


TXI at 4.4 V, See Figure 7 


200 


8000 


vu 


Driver output 
differential undershoot 


TXI 


TXO, TXO" 


TXEN at 2 V, See Figure 6 


-100 


mV 


*skew 


Driver caused signal skew 
I'PLH " tPHL> 


TXI 


TXO, TXO 


TXEN at 2 V, See Figure 3 


±3 


ns 


«r 


Rise time, TXO, TXO 






TXEN at 2 V, See Figure 3 


1 


5 


ns 


tf 


Fall time, TXO, TXO 






TXEN at 2 V, See Figure 3 


1 


5 


ns 


receiver 


PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN MAX 


UNIT 


tPLH 


Propagation delay time, 
low-to-high level output 


RXI, RXI 


RXO 


V| C = 1 V to 4.2 V, 
See Figure 1 1 


15 


ns 


tPHL 


Progagation delay time, 
high-to-low level output 


RXI, RXI 


RXO 


V| C = 1 V to 4.2 V, 
See Figure 1 1 


15 


ns 


l PLH 


Start-up delay time, 
low-to-high level output 


RXI, RXI 


RXEN 


V| C = 1 V to 4.2 V, 

V| D = -500 mV, See Figure 13 


50 


ns 


•PHL 


Shutdown delay time, 
high-to-low level output 


RXI, RXI 


RXEN 


V| C = 1 V to 4.2 V, 

V|D = 500 mV, See Figure 13 


130 


175 


ns 


'skew 


Receiver caused signal 
skew (tp L H - t PHL ) 


RXT, RXI 


RXO 


V| C = 1 V to 4.2 V, 

V|d = 500 mV, See Figure 1 1 


±3 


ns 


tw 


Pulse duration at RXI and RXI 
(to not activate squelchl 




V| C = 1 V to 4.2 V, 

V ID = -175 mV, See Figure 12 


25 


ns 


tw 


Pulse duration at RXI and RXI 
(to activate squelch) 




V| C = 1 V to 4.2 V, 

V|D = -275 mV, See Figure 12 


50 


ns 


VI 


Rise time, RXO 






V| C = 1 V to 4.2 V, 

V|rj = ±500 mV, See Figure 1 1 


1 


8 


ns 


«r2 


Rise time, RXEN 






V| C = 1 V to 4.2 V, 

V|D = ±500 mV, See Figure 13 


1 


8 


ns 


«f1 


Fall time, RXO 






V| C = 1 V to 4.2 V, 

V|D = ± 500 mV, See Figure 1 1 


1 


8 


ns 


tf2 


Fall time, RXEN 






V| C = 2.5 V, V| D = ±500 mV, 
See Figure 13 


1 


8 


ns 


'valid 


RXO valid after RXEN high 




See Figure 1 1 


-10 


15 


ns 
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switching characteristics over recommended ranges of operating free-air temperature and Vcc (unless 
otherwise noted) 

loop 



PARAMETER 


FROM 
(INPUT) 


TO 
(OUTPUT) 


TEST CONDITIONS 


MIN MAX 


UNIT 


Propagation delay time, 

tpiH 

low-to-high level output 


TXI 


RXO 


LOOP at 0.8 V, TXEN at 2 V, 
See Figure 14 


30 


ns 


Propagation delay time, 

tpui 

high-to-low level output 


TXI 


RXO 


LOOP at 0.8 V, TXEN at 2 V, 
See Figure 14 


30 


ns 


Propagation delay time, 
l PLH , » . . . , , . 

tow-to-high level output 


TXEN 


RXEN 


LOOP at 0.8 V, See Figure 15 


50 


ns 


Propagation delay time, 

tpui 

high-to-low level output 




TXEN 




RXEN 


LOOP at 0.8 V, See Figure 15 


50 


ns 



PARAMETER MEASUREMENT INFORMATION 



VTxi 




FIGURE 1 
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PARAMETER MEASUREMENT INFORMATION 



TXI — 




^£•25 pF 



3 k!i 



TEST CIRCUIT 



j^SO% 50%\r 



•PLH-fci 

10% 



M- »PHL 



- 4.5 V 
.3 V 



bf"90% 90%"^} 

o v o v r\io% 



v 0D + 



•VOD- 



VOLTAGE WAVEFORMS 

TRANSFORMER SPECIFICATIONS 

Turns Ratio 1:1 

Magnetizing Inductance 26 to 30 /iH 

Winding Resistance 0.6 Max 

Rise Time 10% to 90% 5 ns Max 

Interwinding Capacitance 25 pF 

Leakage Inductance 0.25 /iH Max 

Inductive Q 1250 Min 

FIGURE 3 
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PARAMETER MEASUREMENT INFORMATION 



TXI — 



f See Figure 3 




3 k!5 



TXI. 



50% 



TXO- 



90%^ 



- 4.5 V 

3 V 

.- I IDLE 



-V D- 



VOLTAGE WAVEFORMS 

NOTE: Input t r < 5 ns from 10% to 90%; t f < 5 ns from 90% to 10% 
FIGURE 4 



TXEN 




*- 

39 !) V D 



25 pF - 



25 pF 




, > 3 kS! 



3 kf! 



f See Figure 3 



TEST CIRCUIT 

■ 



2 V 



TXO- 



90% ■» 



_ 0.8 V 

I IDLE 



V D- 



VOLTAGE WAVEFORMS 

FIGURE 5 
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PARAMETER MEASUREMENT INFORMATION 



TXI- 




3 kf! 



3 kl! 



f See Figure 3 



CIRCUIT 



90% 



.4.5 V 
- 3 V 



«PH70 - 



■ <PHI 



I 



VOLTAGE WAVEFORMS 

NOTE: Input t r s 5 ns from 10% to 90%; tf s 5 ns from 90% to 10% 
FIGURE 6 



TXEN 



TXI 




25 pF 

f See Figure 3 TEST CIRCUIT 



3 kt! 



TXEN 



TXO 




VOLTAGE WAVEFORMS 

FIGURE 7 
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PARAMETER MEASUREMENT INFORMATION 

TXEN y 2 V 

/50% 

'+ ■ ■ 0.8 V 



TXI W H- l su1 

y-f 4.5 V 

\50% 
\ 3 V 

NOTE: Input I, < 5 ns from 10% to 90%; tf < 5 ns from 90% to 10% 

FIGURE 8 



TXI 



4.5 V 
3 V 



TXEN h* »*-t h1 

\4 2 V 

• 50% 



0.8 V 



th2" 



LOOP 



v 2V 

/50% 
-f- 0.8 V 



NOTE: Input t r s 5 ns from 10% to 90%: tf s 5 ns from 90% to 10% 

FIGURE 9 



2 V 



. 50% 

LOOP |\ 0.8 V 



«su2 



50% 



■ 2 V 
0.8 V 



- t su 3 " 



TXI 



4.5 V 



50% 

- 3 V 



NOTE: Input t r < 5 ns from 10% to 90%; tf s 5 ns from 90% to 10% 
FIGURE 10 
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PARAMETER MEASUREMENT INFORMATION 

RXEN 



RXI C 



RXI . 



6 k!> ■ 



I 

J 



20 pF 




6 kS! ? ^ 20 pF 



RXO 



TEST CIRCUIT 



RXI ■ 



RXEN ■ 



RXO- 



A 



90% 



— • IV 

V 

1 V 

V 0H 



•valid -M 



l+W-'PLH tpHL 
> *10% 



9o^t7 3 7 VOH 



10% "1= V 0L 



VOLTAGE WAVEFORMS 

NOTE: Input t r < 5 ns from 10% to 90%; t) < 5 ns from 90% to 10% 

FIGURE 11 
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PARAMETER MEASUREMENT INFORMATION 

RXEN 



RXI -C 



RXI- 




6 kt) < 20 pF 



■ RXO 



TEST CIRCUIT 



V 0mv y p= 



40 mV 



I* 'w- 



RXEN . 



z 



V 
V| 
VOH 

vol 



RXI- 



RXI- 



VOLTAGE WAVEFORMS 

FIGURE 12 



• RXEN 



: 20 pF 




-RXO 



TEST CIRCUIT 



RXI- 



RXEN- 



-40 mV 



10% 



W tpHL— »| 

^10% 



■ 1 V 
1 V 

V OH 

•vol 



-«r2 



-tfz 



VOLTAGE WAVEFORMS 

NOTE: Input t r < 5 ns from 10% to 90%; tf < 5 ns from 90% to 10% 

FIGURE 13 
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PARAMETER MEASUREMENT INFORMATION 



TXI s. , 4.5 V 

^50% 

3 V 

tPHL-H M |4 m-'pi-H 

RXO yl |, V 0H 



-M H— 

V 1.3 V ^ ~ 



--v 0L 

NOTE: Input t r < 5 ns from 10% to 90%; tf < 5 ns from 90% to 10% 
FIGURE 14 



■^50% 50%\ 
TXEN '\ l> 0.8 V 

I i I , 

'PLH-W *», H W-tpHL 

1/ \.H V H 



13V 1.3 v\^ 



rxen ' > Vql 

NOTE: Input t r < 5 ns from 10% to 90%; tf < 5 ns from 90% to 10% 

FIGURE 15 
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TCM29C26 

LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 



D3567, JULY 1 990-REVISED JANUARY 1991 



Combined ADC, DAC, and Filters 

Extended Variable Frequency Operation: 
Master Clock Up to 4.096 MHz 
Sample Rates Up to 16 kHz 
Passband Up to 6 kHz 

Reliability Silicon-Gate CMOS Technology 

Low Power Consumption: 
Operating Mode ... 40 mW Typ 
Power-Down Mode ... 5 mW Typ 

Excellent Power Supply Rejection Ratio 
Over Frequency Range of to 50 kHz 

No External Components Needed for 
Sample, Hold, and Auto-Zero Functions 

Precision Internal Voltage References 

H-law and A-law Coding 



DW OR N PACKAGE 
(TOP VIEW) 



V BB [ 
RO+[ 
NC [ 
PDN[ 
DCLKR [ 
PCM IN [ 6 
FSR/TSRE [ 7 
DGTL GND [ 8 



16 ] V cc 
15 ] GSX 
14 ] ANLG IN - 
13 ] ANLG GND 
12 ] TSX/DCLKX 
11 ] PCM OUT 
10 ] FSX/TSXE 
9 ] CLKR/CLKX 



NC-No internal connection 



description 



The TCM29C26 is a single-chip pulse-code-modulated encoder and decoder (PCM codec) and PCM line filter. 
This device provides all the functions required to interface a full-duplex (4-wire) voice telephone circuit with a 
time-division-multiplexed (TDM) system. Primary applications of the device include digital encryption systems, 
digital voice-band data storage systems, digital signal processing, and mobile telephones. 

The device is designed to perform the transmit encoding (A/D conversion) and receive decoding (D/A 
conversion) as well as the transmit and receive filtering functions in a pulse-code-modulated system. 

The TCM29C26 provides the bandpass filtering of the analog signals priorto encoding and after decoding. This 
combination device performs the encoding and decoding of voice and call progress tones as well as the signaling 
supervision information. 



The TCM29C26 is characteri: 



• operation from 0°C to 70°C. 




Caution. This device has limited built-in gate protection. The leads should be shorted together or the device placed in conductive foam 
during storage or handling to prevent electrostatic damage to the MOS gates. 



PRODUCTION DATA documents contain Information currant at of Copvriqht © 1991, Texas Instruments Incorporated 

publication date. Product* conform to specifications per the terms JaVfS 
of Texas Instruments standard warranty. Production processing TV^r* 

does not necessarily Include testing of ill parameters. _ 1 FXAS 
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TCM29C26 

LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 



functional block diagram 
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TCM29C26 

LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 



Terminal Functions 


PIN 
NAME 


NO. 


DESCRIPTION 


ANLG GND 


13 


Analog ground return for all internal voice circuits. Not internally connected to DGTL GND. 


ANLG IN- 


14 


Inverting analog input to uncommitted transmit operational amplifier. 


CLKR/CLKX 9 


Receive master clock and data clock for the fixed-data-rate mode. Receive master clock only for variable-data-rate 
mode. CLKR and CLKX are internally connected together. 

Transmit master clock and data clock for the fixed-data-rate mode. Transmit master clock only for variable-data-rate 

mnrlo (""*! K"R anH fl K"V aro intornalk/ fnnnpftprl 

I MUU U . L/Ll\n a I IU uL[\A arc IMlUllldlly OUJind*lwU» 


DCLKR 


5 


Qplpctc fivoH nr wariahlp Hata-ratP nnpratinn Whpn thiQ nin rnnnpftprl tn thp Hpuifp nnpratPQ in thp 

UClcLLo 1 1 ACU Ul VallaUlC: U Cllcl 1 cUC UUwICLLIUlU VVIICIi Llllo pill lo II ICU ICU * OD 1 Ll ' ^ UCVIUC upclolCO III lllw 

fixed-data-rate mode. When DCLKR is not connected to Vge, the device operates in the variable-data-rate mode, and 
DCLKR becomes the receive data clock, which operates at frequencies from 64 kHz to 4.096 MHz. 


DGTLGND 8 


Digital ground for all internal logic circuits. Not internally connected to ANLG GND. 


FSR/TSRE 


7 


Frame synchronization clock input/time slot enable for receive channel. In the fixed-data-rate mode, FSR distinguishes 
between signaling and nonsignaling frames by a double- or single-length pulse, respectively. In the variable-data-rate 
mode, this signal must remain high for the duration of the time slot. The receive channel enters the standby state when 
FSR is TTL low for 300 ms. 


FSX/TSXE 


10 


Frame synchronization clock input/time-slot enable for transmit channel. Operates independently of, but in an analogous 
manNer to, FSR/TSRE. The transmit channel enters the standby state when FSX is low for 300 ms. 


GSX 


15 


Outputterminal of internal uncommitted operational amplifier. Internally, this is the voice signal input to the transmit filter. 


PCM IN 6 


Receive PCM input. PCM data is clocked in on this pin on eight consecutive negative transitions of the receive data clock, 
which is CLKR in fixed-data-rate timing and DCLKR in variable-data-rate timing. 


PCM OUT 


11 


Transmit PCM output. PCM data is clocked out on this output on eight consecutive positive transitions of the transmit 
data clock, which is CLKX in fixed-data-rate timing and DCLKX in variable-data-rate timing. 


PDN 


4 


Power-down select. The device is inactive with a TTL low-level input to this pin and active with a TTL high-level input 
to this pin. 


RO+ 


2 


Noninverting output of power amplifier. Can directly drive transformer hybrids or high-impedance loads in either a 
differential or a single-ended configuration. 


TSX/DCLKX 


12 


Transmit channel time slot strobe (output) or data clock (input) for the transmit channel. In the fixed-data-rate mode, this 
pin is an open-rain output to be used as an enable signal for a three-state buffer. In the variable-data rate mode, DCLKX 
becomes the transmit data clock, which operates at TTL levels from 64 kHz to 4.096 MHz. 


VBB 


1 


Most negative supply voltage; input is - 5 V ± 5%. 


vcc 


16 


Most positive supply voltage, input is 5 V ± 5%. 
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TCM29C26 

LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, V cc (see Note 1) -0..3Vto15V 

Output voltage, V -0.3 V to 15 V 

Input voltage, V, -0.3 V to 15 V 

Digital ground voltage -0.3 V to 15 V 

Operating free-air temperature range 0°C to 70°C 

Storage temperature range - 65°C to 150°C 

Lead temperature 1 ,6 mm (1 /1 6 inch) from case for 1 seconds 260°C 



NOTE 1 : Voltage values for maximum ratings are with respect to Vbb. 



recommended operating conditions (see Note 2) 





MIN 


NOM 


MAX 


UNIT 


vcc 


Supply voltage (see Note 3) 




4.75 


5 


5.25 


V 


vbb 


Supply voltage 




-4.75 


-5 


-5.25 


V 


DGTL GND voltage with respect to ANLG GND 





V 


V|H 


High-level input voltage 




2.2 


V 


V|L 


Low-level input voltage 




0.8 


V 


Rl 


Load resistance 


At RO + 


10 


kfi 


C|_ 


Load capacitance 


At RO+ 


10 


PF 




Operating free-air temperature 


TCM29C26 







70 


°C 



NOTES: 2. To avoid any possible damage and reliability problems to these CMOS devices when applying power, the following sequence should 
be followed: 



(1) Connect ground 

(2) Connect the most negative voltage 

(3) Connect the most positive voltage 

(4) Connect the input signals 

When powering down the device, follow the above steps in reverse order. If the above procedure cannot be followed, connect a diode 
between Vge and digital ground, cathode to DGND, anode to Vbb. 
3. Voltages at analog inputs and outputs, Vcc. ana ' V BB terminals are with respect to the ANLG GND terminal. All other voltages are 
referenced to the DGTL GND terminal unless otherwise noted. 
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TCM29C26 

LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 



electrical characteristics over recommended operating free-air temperature range (unless 
otherwise noted) 



supply current, fncLK = 4.096 MHz, outputs not loaded 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


ICC Supply current from Vcc 


Operating 




4 6 


mA 


Standby 


FSX or FSR at V| L after 300 ms 


0.5 0.8 


Power-down 


PDN V|l after 10 us 


0.3 0.8 


IBB Supply current from Vbb 


Operating 




-4 -6 


mA 


Standby 


FSX or FSR at V|L after 300 ms 


-0.5 0.8 


Power-down 


PDN Vil after 10 us 


-0.3 -0.8 


Power dissipation 


Operating 




40 60 


mW 


Standby 


FSX or FSR at V| L after 300 ms 


5 8 


Power-down 


PDN V| L after 10 us 


3 8 


digital interface 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


v OH High-level output vovltage at PCM out 


lOH = - 9.6 mA 


2.4 


V 


Vol Low-level output voltage at PCM out, TSX 


lOL = 3.2 mA 


0.4 


V 


l|H High-level input current, any digital input 


V| = 2.2Vto V C C 


10 


nA 


IlL Low-level input current, any digital input 


V| = to 0.8 V 


10 


KA 


Cj Input capacitance 




5 10 


pF 


C Output capacitance 




5 


pF 


transmit amplifier input 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Input current at ANLG IN - 


V| = 2.17 V to 2.17 V 


±200 


nA 


Input offset voltage at ANLG IN - 


V| = 2.17Vto 2.17V 


± 25 


mV 


Common-mode rejection at ANLG IN - 


V| =2.17 Vto 2.17V 


55 


dB 


Open-loop voltage amplification at GSX 




5000 




Open-loop unity-gain bandwidth at GSX 




1 


MHz 


Input resistance at ANLG IN - 




10 


M£2 


receive filter output 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


Output offset voltage RO+ (single-ended) 


Relative to ANLG GND 


40 


mV 


Output resistance at RO+ 




10 


a 



t All typical values are at Vbb = - 5 V, VCC = 5 v > T A = 2 5°C 
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TCM29C26 

LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 



gain and dynamic range, V cc = 5 V, V BB = - 5 V, T A = 25°C (unless otherwise noted) (see Notes 4 and 5) 



PARAMETER 


tpct pnMniTinwQ 
i co i in ui nun o 


M1M TVP MAY 
Min 1 If mMA 


UNIT 


Encoder milliwatt response (transmit 
gain tolerance) 


Signal input ± 1 .064 V rms 


±0.5 ±1.0 


dBmO 


Encoder milliwatt response (nominal supplies 
and temperature) 


T A = 0°C to 70°C, 
Supply voltage = 5 V ± 5% 


±0.15 


dB 


Digital milliwatt response (receive tolerance 
gain) relative to zero-transmission level point 


Output signal = 1 kHz 


±0.5 ±1.0 


dBmO 


Digital milliwatt response variation with 
temperature and supplies 


Ta = 0°C to 70°C, 

Supply voltages = 5 V ± 5% 


±0.15 


dB 


Zero-transmission-level point, 
transmit channel (0 dBmO) 


H-law 


R|_ = 10 k« 


2.76 


dBm 


Zero-transmission-level point, 
receive channel (0 dBmO) 


[i-law 


Rl_ = 10 kQ 


5.76 


dBm 



NOTES: 4. Unless otherwise noted, the analog input is a 0-dBmO, 1 020-Hz sine wave, where dBmO is defined as the zero-reference point of 
the channel under test. This corresponds to an analog signal input of 1 .064 V rms, or an output of 1 .503 V rms. 
5. The input amplifier is set for unity gain, noninverting. The digital input is a PCM bit stream generated by passing a 0-dBmO. 1 020-Hz 
sine wave through an ideal encoder. 



gain tracking over recommended ranges of supply voltage and operating free-air temperature, 
reference level = - 10 dBmO 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Transmit gain tracking error, sinusoidal input 


3to-40dBmO 


±0.5 


dB 


-40to-50dBmO 


±1.5 


Receive gain tracking error, sinusoidal input 


3to-40dBmO 


±0.5 


dB 


-40to-50dBmO 


± 1.5 


noise over recommended ranges of supply voltage and operating free-air temperature 


PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Transmit noise, C-message weighted 


ANLG IN + = ANLG GND, 
ANLG IN - = GSX 


18 


dBrnCO 


Transmit noise, psophometrically weighted 


ANLG IN + = ANLG GND, 
ANLG IN - = GSX 


-72 


dBmOp 


Receive noise, C-message weighted quiet code 


PCM IN = 11111111 (n-law) 
Measured at PWRO + 


11 


dBrnCO 


Receive noise, psophometrically weighted 


PCM = lowest positive decode level 


-79 


dBmOp 
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TCM29C26 

LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 



power supply rejection and crosstalk attenuation over recommended ranges of supply voltage and 
operating free-air temperature 









MIN TYP+ MAX 


UNIT 


Vcc supply voltage rejection ratio, 
transmit channel 


f = to 30 kHz 


Idle channel, Supply signal = 200 mV p-p, 
f measured at PCM OUT 


-30 


dB 


f = 30 to 50 kHz 


-45 


Vbb supply voltage rejection ratio, 
transmit channel 


f = to 30 kHz 


Idle channel, Supply signal = 200 mV p-p, 
f measured at PCM OUT 


-30 


tffl 


f = 30 to 50 kHz 


-55 


Vcc supply voltage rejection ratio, 
receive channel (single-ended) 


f = to 30 kHz 


Idle channel, Supply signal = 200 mV p-p, 
Narrow-band, f measured at PWRO + 


-20 


dB 


f = 30 to 50 kHz 


-45 


Vge supply voltage rejection ratio, 
receive channel (single-ended) 


f = to 30 kHz 


Idle channel, Supply signal = 200 mV p-p, 
Narrow-band, f measured at PWRO + 


-20 


dB 


f = 30 to 50 kHz 


-45 


Crosstalk attenuation, transmit-to-receive (single-ended) 


ANLG IN + = dBmO, f= 1.02 kHz, 
Unity gain, PCM IN ■ lowest decode level, 
Measured at PWRO + 


68 


dB 


Crosstalk attenuation, receive-to-transmit (single-ended) 


PCM IN = dBmO, f = 1 .02 kHz, 
Measured at PCM OUT 


68 


dB 



t All typical values are at Vbb = - 5 V, Vcc = 5 v . and T A = 25 ° c - 



distortion over recommended ranges of supply voltage and operating free-air temperature 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Transmit signal to distortion ratio, sinusoidal input 


ANLGIN + = 0to-30dBm0 


33 


dB 


ANLG IN + = - 30 to - 40 dBmO 


28 


ANLG IN + = - 40 to - 45 dBmO 


23 


Receive signal to distortion ratio, sinusoidal input 


ANLGIN + = 0to-30dBm0 


33 


dB 


ANLG IN + = - 30 to - 40 dBmO 


28 


ANLG IN + = - 40 to - 45 dBmO 


23 


Transmit single-frequency distortion products 


AT&T Advisory #64 (3.8), Input signal = dBmO 


-40 


dBmO 


Receive single-frequency distortion products 


AT&T Advisory #64 (3.8), Input signal = dBmO 


-40 


dBmO 



transmit filter transfer over recommended ranges of supply voltage and operating free-air 
temperature, CLK = 4.096 MHz, FSX/FSR = 16 kHz (see Figure 1) 



PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 






50 Hz 


-10 











200 Hz 


-1 


0.5 






Input amplifier set for unity gain, 


300 Hz to 6 kHz 


-0.5 


0.5 




Gain relative to gain at 1 .02 kHz 


Noninverting maximum gain output, 


6.5 kHz 


-4 


0.3 


dB 




Input signal at ANLG IN + is dBmO 


6.8 kHz 


-6 











8 kHz 


-12 








9 kHz and above 


-30 
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TCM29C26 

LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 



receive filter transfer over recommended ranges of supply voltage and operating free-air 
temperature (see Figure 2) 



PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 






Below 200 Hz 


-2 


0.5 








200 Hz 


-1 0.5 








300 Hz to 6 kHz 


-0.5 


0.5 




Gain relative to gain at 1 .02 kHz 


Input signal at PCM IN is dBmO 


6.6 kHz 


-4 


0.3 


dB 






6.8 kHz 


-6 











8 kHz 


-12 








9.2 kHz and above 


-30 





clock timing requirements over recommended ranges of supply voltage and operating free-air 
temperature (see timing diagrams) 



PARAMETER 


MIN 


TYPt 


MAX 


UNIT 


'cfCLK) 


Clock period for CLKX, CLKR (2.048-MHz systems) 




244 


ns 


tr.tf 


Rise and fall times for CLKX and CLKR 




5 




20 


ns 


'w(CLK) 


Pulse duration for CLKX and CLKR (see Note 6) 




110 


ns 


'w(DCLK) 


Pulse duration for DCLK (fpCLK = 64 Hz to 2.048 MHz) (s 


se Note 6) 


110 


ns 


Clock duty cycle [twfCLKV'cfCLK)] ,or CLKX and CLKR 


45% 


50% 


55% 





t All typical values are at Vbb = - 5 V, Vcc = 5 v > and T A ■ 25 ° c - 

NOTE 6: FSX CLK must be phase locked with the CLKX, FSR CLK must be phase locked with CLKR. 



transmit timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, fixed-data-rate mode (see timing diagrams) 



PARAMETER 


MIN 


MAX 


UNIT 


tdfFSX) Frame sync delay time 


60 


tc(CLK)-60 


ns 


propagation delay times over recommended ranges of operating conditions, fixed-data-rate mode 
(see timing diagrams) 


PARAMETER 


TEST CONDITIONS 


MIN 


MAX 


UNIT 


From rising edge of transmit clock to Bit 1 data valid at PCM OUT 
*pd1 (data enable time on time slot entry) (see Note 7) 


Ci_ = 0to100pF 





90 


ns 


From rising edge of transmit clock Bit n to Bit n + 1 data valid at 
P d2 PCM OUT (data valid time) 


C|_ = 0to100pF 





90 


ns 


From fallilng edge of transmit clock Bit 8 to Bit 8 Hi-Z at PCM OUT 
'pd3 (data float time on time slot exit) (see Note 7) 


Cl = 


60 


215 


ns 


From rising edge of transmit clock Bit 1 to TSX active (low) (time slot 
•pd4 enable time) 


C[_ = 0to100 pF 





90 


ns 


From falling edge of transmit clock Bit 8 to TSX inactive (high) (time 
Pd5 S | t disable time) (see Note 7) 


Cl = 


60 


190 


ns 


NOTE 7: Timing parameters tpdi, tpd3, and tp^s are referenced to the high-impedance state. 








receive timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, fixed-data-rate mode (see timing diagrams) 


PARAMETER 


MIN 


MAX 


UNIT 


*d(FSR) Frame sync delay time 


60 t c(C LK]-60 


ns 
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TCM29C26 

LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 



transmit timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, variable-data-rate mode (see timing diagrams) 



PARAMETER 


MIN MAX 


UNIT 


'dfTSDX) Tme slot deia Y time ,rom DCLKX 


60 t d (DCLKX)-60 


ns 


'd(FSX) Frame sync delay time 


60 'c(DCLK) " 60 


ns 


'c(DCLKX) Clock period for DCLKX 


244 1 5620 


ns 


propagation delay times over recommended ranges of operating conditions, variable-data-rate 
mode (see Note 8 and timing diagrams) 


PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


tpd7 Data delay time from DCLKX 


C|_ = 0to100 pF 


90 


ns 


tpd8 Data delay from time slot enable to PCM OUT 


C|_ = 0to100pF 


50 


ns 


tpdg Data delay from time slot disable to PCM OUT 


C|_ = Oto 100 pF 


80 


ns 


l pd1 Data delay time from FSX 


'dfTSDX) = 80 ns 


90 


ns 


NOTE 8: Timing parameters tpds and tpdg are referenced to a high-impedance state. 






receive timing requirements over recommended ranges of supply voltage and operating free-air 
temperature, variable-data-rate mode (see timing diagrams) 


PARAMETER 


MIN MAX 


UNIT 


tdfTSDR) Ti m e slot delay time from DCLKR 


60 td(QCLKR) - 140 


ns 


'd(FSR) Frame sync delay time 


60 t G( CLK) - 60 


ns 


'su(PCM IN) Setup time before Bit 7 falling edge 


10 


ns 


'h(PCM IN) Hold time after Bit 8 falling edge 


60 


ns 


'c(DCLKR) Data clock frequency 


244 1 5620 


ns 


'(SER) Time slot end receive time 





ns 



CLK, CLKR, and CLKX Selection Requirements for DSP Based Applications 

CLKX, CLKR, CLK must be selected as follows: 

Between 1 MHz to 3 MHz: CLK, CLKR/CLKX = 256 x (Frame Sync Frequency) 

Example: FSR, FSX = 1 6 kHz 

CLK, CLKR/CLKX = 4.096 MHz 
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LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 
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NOTE A; CLKR/CLKX = 4.096 MHz 
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Figure 1. Transfer Characteristics of the Transmit Filter 



36 



_ Texas ^ 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



TCM29C26 

LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 
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NOTE A: CLKR/CLKX = 4.096 MHz 
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Figure 2. Transfer Characteristics of the Receiver Filter 
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TCM29C26 

LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 
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Figure 3. Transmit Timing (Fixed-Data-Rate) 
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Figure 4. Receive Timing (Fixed-Data-Rate) 

1" Bit 1 = MSB = SIGN BIT and is clocked in first on the PCM-IN pin or clocked out first on the PCM-OUT pin. BIT 8 = LSB = LEAST SIGNIFICANT 

BIT and is clocked in last on the PCM-IN pin or is clocked out last on the PCM-OUT pin. 
NOTE: Inputs are driven from 0.45 Vto 2.4 V. Time intervals are referenced to 2 V if the high level is indicated and 0.8 V if the low level is indicated. 
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LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 
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Figure 5. Transmit Timing (Variable-Data-Rate) 
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Figure 6. Receive Timing (Variable-Data-Rate) 

t Bit 1 = MSB = SIGN BIT and is clocked in first on the PCM-IN pin or clocked out first on the PCM-OUT pin. BIT 8 = LSB = LEAST SIGNIFICANT 

BIT and is clocked in last on the PCM-IN pin or is clocked out last on the PCM-OUT pin. 
NOTE: All timing parameters, referenced to V|h and V||_ except t pc j8 and t pc ig, which reference a high-impedance state. 



, Texas ^ 
Instruments 

POST OFFICE BOX 655303 ■ PALLSS, TEXAS 75265 



39 



TCM29C26 

LOW-POWER VARIABLE-FREQUENCY PCM OR DSP INTERFACE 



GENERAL OPERATION 

system reliability features 

The TCM29C26 is powered up in four steps: 

1 . V cc and V BB supply voltages are applied. 

2. All clocks are connect ed. 

3. TTL high is applied to PDN. 

4. FSX and/or FSR synchronization pulses are applied. 

On the transmit channel, digital outputs PCM OUT and TSX are held in the high-impedance stat e fo r 
approximately four frames (500 lis) after power up or application of V BB or V cc . After this delay, PCM OUT, TSX, 
and signaling are functional and will occur in the proper time slot. The analog circuits on the transmit side require 
approximately 60 ms to reach their equilibrium value due to the autozero circuit settling time. Thus, valid digital 
information, such as for on/off hook detection, is available almost immediately, while ana log information is 
available after some delay. To further enhance system reliability, PCM OUT and TSX are placed in a 
high-impedance state approximately 20 lis after an interruption of CLKX. 

power-down and standby operations 

To minimize power consumption, a power-down mode and three standby modes are provided. 

For power down, and external low sign al is a pplied to the PDN pin. It is not sufficient to remove the high voltage 
to PDN. In the absence of a signal, the PDN pin floats to high and the device remains active. In the power-down 
mode, the average power consumption is reduced to an average of 5 mW. 

The standby modes give the user the options of putting the entire device on standby, putting only the transmit 
channel on standby, or putting only the receive channel on standby. To place the entire device on standby, both 
FSX and FSR are held low. For transmit-only operation, FSX is high and FSR is held low. For receive-only 
operation, FSR is high and FSX is held low. See Table 1 for power down and standby procedures. 



Table 1. Power Down and Standby Procedures 



DEVICE 
STATUS 


PROCEDURE 


TYPICAL POWER 
CONSUMPTION 


DIGITAL OUTPUT STATUS 


Power down 


PDN low 


3mW 


TSX and PCM OUT are in a high-impedance state: 
SIGR goes to low within 10 us. 


Entire device on standby 


FSX and FSR 
are low 


5mW 


TSX and PCM OUT are in a high-impedance state: 
SIGR goes to low within 300 ms. 


Only transmit on standby 


FSX is low 
FSR is high 


4mW 


TSX and PCM OUT are placed in a high-impedance state 
within 300 ms. 


Only receive on standby 


FSR is low 
FSX is high 


4 mW 


SIGR is placed in a high-impedance state within 300 ms. 



fixed-data-rate timing 

Fixed-data-rate timing is selected by connectin g DC LKR to V BB . It uses master clocks CLKX and CLKR, frame 
synchronizer clocks FSX and FSR, and output TSX. FSX and FSR are inputs that set the sampling frequency. 
Data is transmitted on the PCM OUT pin on the first eight positive transitions of CLKX following the rising edge 
of FSX. Data is received on the PCM IN pin on the first eight falling edges of CLKR following FSR. A 
digital-to-analog (D/A) conversion is performed on the received digital word and the resulting analog sample is 
held on an internal sample-and-hold capacitor until transferred to the receive filter. 
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variable data rate timing 

Variable-data-rate timing is selected by connecting DCLKR to the bit clock for the receive PCM highway rather 
than to V BB . It uses master clocks CLKX and CLKR, bit clocks DCLKX and DCLKR, and frame synchronization 
clocks FSX and FSR. 

Variable-data-rate timing allows for a flexible data frequency. The frequency of the bit clocks can be varied from 
64 kHz to 4.096 MHz. The bit clocks must be synchronous. 

While the FSX/TSXE input is high, PCM data is transmitted from PCM OUT onto the highway on the next eight 
consecutive positive transitions of DCLKX. Similarly, while the FSRATSRE input is high, the PCM word is 
received from the highway by PCM IN on the next eight consecutive negative transitions of DCLKR. 

The transmitted PCM word is repeated in all remaining time slots in the frame as long as DCLKX is pulsed and 
FSX is held high. This feature, which allows the PCM word to be transmitted to the PCM highway more than once 
per frame, if desired, is available only with variable-data-rate timing. Signaling is allowed only in the 
fixed-data-rate mode because the variable-data-rate mode provides no means with which to specify a signaling 
frame. 

asynchronous operation 

In order to avoid crosstalk problems associated with special interrupt circuits, the design includes separate 
digital-to-analog converters and voltage references on the transmit and receive sides to allow completely 
independsent operation of the two channels. In either timing mode, the master clock, data clock, and time slot 
strobe must be synchronized at the beginning of each frame. Specifically, in the variable-rate mode, the falling 
edge of CLKX must occur within t^psx) ns after the rise °f FSX, and the falling edge of DCLKX must occur within 
t-dTSDX ns after the rise of FSX. CLKX and DCLKX are synchronized once per frame but may be of different 
frequencies. The receive channel operates in a similar manner and is completely independent of the transmit 
timing (see variable data rate timing diagrams). This approach requires the provisioin of two separate master 
clocks but avoids the use of a synchronizer, which can cause intermittent data conversion errors. 

conversion laws 

The TCM29C26 provides n-law operations. 

transmit operation 
transmit filter 

The input section provides gain adjustment in the passband by means of an on-chip uncommitted operational 
amplifier. The load impedance to ground (ANLG GND) at the amplifier output (GSX) must be greater than 1 k£3 
in parallel with less than 50 pF. The input operational amplifier can also be used in the inverting mode or 
differential amplifier mode. 

A low-pass antialiasing section is included on the device. This section provides 35-dB attenuation at the sampling 
frequency. No external components are required to provide the necessary antialiasing function for the switched 
capacitor section of the transmit filter. 

encoding 

The encoder internally samples the output of the transmit filter and holds each sample on an internal sample 
and hold capacitor. The encoder performs an analog-to-digital conversion on a switched capacitor array. Digital 
data representing the sample is transmitted on the first eight data clocks bits of the next frame. 

The autozero circuit corrects for dc offset on the input signal to the encoder using the sign bit averaging 
technique. The sign bit from the encoder output is long-term averaged and subtracted from the input to the 
encoder. All dc offset is removed from the encoder input waveform. 
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receive operation 
decoding 

The serial PCM word is received at the PCM IN pin on the first eight data clock bits of the frame. Digital-to-analog 
conversion is performed and the corresponding analog sample is held on an internal sample-and-hold capacitor. 
This sample is transferred to the receive filter. 

receive filter 

The receive section of the filter provides passband flatness and stopband rejection that fulfills the AT&T D3/D4 
specification. The filter contains the required compensation for the (sin x)/x response of such decoders. 

receive output power amplifiers 

A balanced output amplifier is provided to allow maximum flexibility in output configuration. Either of the two 
outputs can be used single-ended (i.e., referenced to ANLG GND) to drive single-ended loads. Alternatively, the 
differential output will directly drive a bridged load. The output stage is capable of driving loads as low as 1 kQ. 

Transmission levels are specified relative to the receive channel output under digital milliwatt conditions. 
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D3611 , AUGUST 1990 



Advanced LinCMOS™ Technology 

Self-Calibration Eliminates Expensive 
Trimming at Factory and Offset Adjustment 
in the Field 

12-Bit Plus Sign Resolution 
12-Bit Linearity 

12-^s Conversion Period at f C iock = 2 MHzt 

Compatible With All Microprocessors 

Single 5-V and ± 5-V Supply Operation 

True Differential Analog Voltage Inputs 
With- V ref to V ref Differential Input Range 

For Single 5-V Supply, Input 
Common-Mode Voltage Range is V to 5 V 

For ± 5-V Supplies, Input Common-Mode 
Voltage Range is - 5 V to 5 V 

Unipolar or Bipolar Operation 

2s-Complement Output 

Low-Power ... 85 mW Maximum 
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description 



The TLC1225 converter is manufactured with Texas Instruments highly efficient Advanced LinCMOS™ 
technology. The TLC1 225 CMOS analog-to-digital converter can be operated with a single 5-V supply or with 
± 5-Vsupplies. The differential input range is - V re f to V re f in both supply configurations. The common-mode 
input range is ANLG V^c- to ANLG Vcc+- For single 5-V supply operation, grounding IN- corresponds to 
standard unipolar conversion. For ±5-V supply operation, grounding IN- corresponds to standard bipolar 
conversion. Conversion is performed via the successive-approximation method. The TLC1225 outputs the 
converted data in a parallel word and interfaces directly to a 1 6-bit data bus. Negative numbers are given in the 
twos-complement data format. All digital signals are fully TTL and CMOS compatible. 

This converter uses a self-calibration technique by which seven of the internal capacitors in the capacitive array 
of the A/D conversion circuitry can be automatically calibrated. The internal capacitors are calibrated during a 
nonconversion capacitor-calibrate cycle in which all seven of the internal capacitors are calibrated at the same 
time. A conversion period requires only 24 clock cycles. Self-calibration requires 300 clock cycles. The 
calibration or conversion cycle can be initiated at any time by issuing the proper command word to the data bus. 
The self-calibrating technique eliminates the need for expensive trimming of thin-film resistors at the factory and 
provides excellent performance at low cost. 

The TLC1225I is characterized for operation from - 40°C to 85°C. 



t The conversion period is the reciprocal of the conversion rate and includes the access, sample, setup, and A/D conversion times. 
Advanced LinCMOS is a trademark of Texas Instruments Incorporated. 
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functional block diagram 
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operation description 

calibration of comparator offset 

The following actions are performed to calibrate the comparator offset: 

1) The IN+ and IN - inputs are internally shorted together so that the converter input is zero. A course 
comparator offset calibration is performed by storing the offset voltages of the interconnecting 
comparator stages on the coupling capacitors that connect these stages. Refer to Figure 1. The 
storage of offset voltages is accomplished by closing all switches and then opening switches A and 
A', then switches B and B', and then C and C This process continues until all interconnecting stages 
of the comparator are calibrated. After this action, some of the comparator offset still remains 
uncalibrated. 




Figure 1 



2) An A/D conversion is done on the remaining offset with the 8-bit calibration DACs and 8-bit SAR, 
and the result is stored in the RAM. 

calibration of the ADC's capacitive capacitor array 

The following actions are performed to calibrate capacitors in the 13-bit DACs that comprise the ADC's 
capacitive array: 

1 ) The IN + and IN - inputs are internally disconnected from the 1 3-bit DACs. 

2) The most significant bit (MSB) capacitor is tied to REF, while the rest of the array capacitors are tied 
to GND. The A/D conversion result for the remaining comparator offset, obtained in Step 2 above, 
is retrieved from the RAM and is input to the 8-bit DACs. 

3) Step 1 of the Calibration of Comparator Offset sequence is performed. The 8-bit DAC input is 
returned to zero and the remaining comparator offset is then subtracted. Thus the comparator 
offset is completely corrected. 

4) Now the MSB capacitor is tied to GND, while the rest of the array capacitors, C x , are tied to REF. 
An MSB capacitor voltage error (see Figure 2) on the comparator output will occur if the MSB 
capacitor does not equal the sum of the other capacitors in the capacitive array. This error voltage 
is converted to an 8-bit word from which a capacitor error is computed and stored in the RAM. 

5) The capacitor voltage error for the next most significant capacitor is calibrated by keeping the MSB 
capacitor grounded and then performing the above Steps 1-4 while using the next most significant 
capacitor in lieu of the MSB capacitor. The seven most significant capacitors are calibrated in this 
manner. 
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V ref (Step3) 
GND (Step 4) 




MSB CAPACITOR 
VOLTAGE ERROR 
(Step 4) 



GND (Step 3) 
V ref (Step4) 



Figure 2 



analog-to-digital conversion 



The following steps are performed in the analog-to-digital conversion process: 



1 ) Step 1 of the Calibration of Comparator Offset Sequence is performed. The A/D conversion result 
for the remaining comparator offset, which was obtained in Step 2 of the Calibration of Comparator 
Offset, is retrieved from the RAM and is input to the 8-bit DACs. Thus the comparator offset is 
completely corrected. 

2) IN +and IN - are sampled into the 13-bit capacitive arrays. 

3) The 1 3-bit analog-to-digital conversion is performed. As the successive-approximation conversion 
proceeds successively through the seven most significant capacitors, the error for each of these 
capacitors is recovered from the RAM and accumulated in a register. This register controls the 8-bit 
DACs so the total accumulated error for these capacitors is subtracted out during the conversion 
process. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage (ANLGV CC+ and DGTL.V CC ) (see Note 1) 15 V 

Supply voltage, ANLG V cc _ -15V 

Differential supply voltage, ANLG V cc+ - ANLG V cc _ 20 V 

Clock input voltage range - 0.3 V to V cc + 0.3 V 

Control input voltage range - 0.3 V to V cc + 0.3 V 

Analog input (IN +, IN -) voltage range, 

V| + andV,_ ANLG V cc _- 0.3 V to ANLG VCC ++ 0.3 V 

Reference voltage range, V re f - 0.3 V to ANLG V cc+ + 0.3 V 

Pin 7 voltage range -0.3 V to ANLG V cc+ + 0.3 V 

Output voltage range - 0.3 V to DGTL V cc + 0.3 V 

Input current (per pin) ±5mA 

Input current (per package) ±20mA 

Operating free-air temperature range, - 40°C to 85°C 

Storage temperature range - 65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from the case for 60 seconds: J package 300°C 

Lead temperature 1,6mm (1/16 inch) from the case for 10 seconds: N package 260°C 

NOTE 1 : All analog voltages are referred to ANLG GND and all digital voltages are referred to DGTL GND. 
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recommended operating conditions 





MM 


MAX 


UNIT 






ANLGV C C + 


4.5 


5.5 




Supply voltage 




ANLG V C C- 


-5.5 


ANLG GND 


V 






DGTLVcc 


4.5 


5.5 




High-level input voltage, V|h 


All digital inputs except CLK IN 


2 


V 


(Vqc = 4 -75 v '0 5.25 V) 


CLKIN 


3.5 


Low-level input voltage, V\\_ 


All digital inputs except CLK IN 


0.8 


V 


(Vqc = 4.75 V to 5.25 V) 


CLKIN 


1.4 


Analog input voltage, V| + , V|_ 


ANLG Vqc- -0-05 


ANLG Vcc +0.05 


V 


Pin 7 (TIE HIGH) 


V C C = 5 V 


2 


V 


Clock input frequency, f c |ock 


V C C=5V 


0.3 


2 


MHz 


Clock duty cycle 


V C C = 5 V 


40% 


60% 




Pulse duration, CS and WR low, t w 


V C C = 5 V 


15 


ns 


Setup time before WRf or CSf, t su 


V C C = 5 V 


60 


ns 


Hold time after WRf or CSt,t n 


Vcc = 5 v 


50 


ns 


Operating free-air temperature, T/\ 


-40 


85 


°C 



electrical characteristics over recommended operating free-air temperature range, 

ANLG V cc+ = DGTL V C c = V ref = 5 V, ANLG V cc _ = - 5 V or ANLG GND (unless otherwise noted) 

(see Note 2) 



PARAMETER 


TEST CONDITIONS 


MIN MAX 


UNIT 


Vqh High-level output voltage 


DGTL V CC = 4.75 V 


IO=- 1.8 mA 


2.4 


V 


IO = -50|iA 


4.5 


Vol Low-level output voltage 


DGTL Vcc = 4.75 V, lo = 3.2 mA 


0.4 


V 


r re f Input resistance, REF terminal 




1 10 


M£2 


l|H High-level input current 


V| = 5V 


1 


HA 


l|L Low-level input current 


V| = 


- 1 


MA 


High-impedance-state 
output leakage current 


V O = 


-3 


uA 


V = 5V 


3 


lO Output current 


V O = 


-6 


mA 


V = 5 V 


8 


DGTL Ice Supply current from DGTL Vcc 


fclock = 2 MHz, CS high 


6 


mA 


ANLG lcc+ Supply current from ANLG Vcc + 


fclock = 2 MHz, CS high 


8 


mA 


ANLG IcC- Supply current from ANLG Vcc- 


'clock = 2 MHz, CS high 


-3 


mA 



NOTE 2: The input voltage range is defined as: V| + = -5.05 V to 5.05 V, V|_ = -5.05 V to 5.05 V, and | V| + - V|_ | s 5.05 V when ANLG 
Vcc-= ~ 5 V. The input voltage range is defined as: V| + = - 0.05 V to 5.05 V, V|_ = - 0.05 Vto 5.05 V, and | V| + - V|_ | s 5.05 V when 
ANLG V CC _ = ANLG GND. 



, Texas 
Instruments 

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265 4 7 



TLC1225 

SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 



electrical characteristics over recommended operating free-air temperature range, 

ANLG V CC+ = DGTL V cc = V ref = 5 V, ANLG V C C- = - 5 V or ANLG GND, f C | 0ck = 2 MHz (unless 

otherwise noted) (see Note 2) 



PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


El Integral linearity error 




±0.012% 


FSR* 


Eq Differential linearity 


-5V<(IN+-IN-)<5V, 
VCC+ = 5V, V C C- = -5V 


>-1 1 


LSB§ 


<(IN+-IN-)<5.05V, 
VCC+ = 5V, V C C- = 


>-1 1 


Zero error 




± 1.5 


LSB 


Unadjusted positive and negative full-scale error 




±2 


LSB 


Temperature coefficient of gain 




15 


ppmfC 


Temperature coefficient of offset point 




1.5 


ppm/°C 


k SVS Supply voltage sensitivity 


Zero error 


ANLG Vcc+ = 5V± 5%, 

AIM LO V QQ _ = — O V ±3 /o , 

DGTLV C C = 5V±5% 


±0.75 


LSB 


Positive and negative 
full-scale error 


±0.75 


Linearity error 


±0.25 


CMRR Common-mode rejection ratio 


IN - = IN + = -5Vto5V 


65 


dB 


Common-mode rejection (maximum code 
change from code ooooooooooooo) 


IN-=IN+=-5Vto5V 


2 


LSB 


•period Conversion period (1/f c ||<) (see Notes 3 and 4) 




24 


clock 
cycles 


Access time (delay from falling edge of 
ta CS ■ RD to data output) 


CL = 100pF 


95 


ns 


Disable time, output (delay from rising 

tfjjg 

edge of RD to high-impedance state) 


Rl_ = 2kQ, CL=100pF 


90 


ns 


*d1 (READY) Control signal edge to READY OUT delay time 




100 


ns 


*d2(READY) Control signal edge to READY OUT delay time 






•ddNH or WR to reset of INT delay time 


100 | ns 



t All typical values are at T^ = 25°C. 

* FSR is Full-Scale Range: 0.01 2% FSR linearity error is equivalent to 1 LSB = 1 .22 mV. 
§ No missing codes. 



NOTES: 2. The input voltage range is defined as: V| + = -5.05 Vto 5.05 V, V|_ = - 5.05 V to 5.05 V, and | V| + -V|_ | s 5.05 V when ANLG 
VcC- = - 5 v - T he input voltage range is defined as: V| + = -0.05 Vto 5.05 V, V|_ = -0.05 Vto 5.05 V, and | V| + - V|_ | s 5.05 V 
w hen ANLGVcC- = ANL -G GND - 

3. If INT and RD go low within the same f c | oc |< period, INT will not be reset until WR is brought low. If INT and RD do not go low within 
the same f c | 0C |< period, INT will be reset. 

4. The conversion period is the reciprocal of the conversion rate and includes the access, sample, setup, and A/D conversion times. 
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PARAMETER MEASUREMENT INFORMATION 
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Figure 3. Timing Diagram 
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PARAMETER MEASUREMENT INFORMATION 
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Figure 4. Load Circuits and Waveforms 



APPLICATION INFORMATION 

unipolar and bipolar operation 

For single-ended signal input, the IN+ input is connected to the analog source and the IN- input is connected 
to ANLG GND. In the unipolar configuration, the ADC uses a single 5- V supply and the analog input voltage range 
isO Vto 5 V. Data bit D12 will always remain low. In the bipolar configuration, the ADC uses +5-V supplies and 
the analog input voltage range is - 5 V to 5 V. Data bit D12 indicates the sign of the input signal. In both 
configurations, the 13-bit data format is extended sign with 2s-complement, right-justified data. 

power-up sequence 

Calibration is not automatic on power-up. Calibration is initiated by writing control words to the six least significant 
bits of the data bus. V re f must have fully settled before calibration is initiated. If addressed or initiated, conversion 
can begin after the first clock cycle. However, full A/D conversion accuracy is not established until after internal 
capacitor calibration. 

conversion period start sequence 

The writing of the conversion command word to the six least significant bits of the data bus, when either CS or 
WR goes high, initiates the conversion sequence. 

analog sampling sequence 

Sampling of the input signal occurs during clock cycles 3 through 1 of the conversion sequence. 

completed A/D conversion 

When INT goes low, conversion is complete and the A/D result can be read. A new conversion period can begin 
immediately. The A/D conversion is complete at the end of clock cycle 24 of the conversion period. 
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aborting a conversion period in process and beginning a new conversion 

If a conversion period is initiated while a conversion sequence is in process, the ongoing conversion will be 
aborted and a new conversion period will begin. 

reading the conversion result 

When both CS and RD go low, all 1 3 bits of conversion data are output to the I/O bus. The format of the output 
is extended sign with 2s-complement, right-justified data. The sign bit D1 2 is low if V| + - V|_ is positive and high 
if V| + - V|_ is negative. 

general 
reset INT 

When reading the conversion data, the falling edge of the first low- going combin ation of CS and RD will reset 
INT. The falling edge of the low-going combination of CS and WR will also reset INT. 

ready out 

For high-speed microprocessors, READY OUT allows the TLC1 225 to insert a wait state in the microprocessor's 
read or write cycle. 

reference voltage (V re f) 

This voltage defines the range for | V| + — Vj_ |. When | V| + - V|_ | equals V re f, the highest conversion data value 
results. When | V| + - V|_ | equals 0, the conversion data value is zero. Thus, for a given input, the conversion 
data changes ratiometrically with changes in V re f. Calibration should be performed with the same value of V re f 
as will be used during conversion. 

TIE HIGH 

This pin is a digital input and should be tied high. 

calibration and conversion period considerations 

Calibration of the internal capacitors and A/D conversion are two separate actions. Each action is independently 
initiated. A calibration command should be initiated prior to subsequent conversions. It is not necessary to 
recalibrate before each conversion. Capacitor calibration is expected to last indefinitely as long as the clock 
signal and power are not interrupted. However, the offset calibration may drift with temperature changes. The 
temperature coefficient of the offset point is shown in the electrical characteristics table. Periodic calibration is 
recommended. Calibration and conversion commands require 300 and 24 clock cycles, respectively. 

The calibrate and conversion commands are initiated by writing control words on the six least significant bits 
of the data bus. These control words are written into the IC when either CS or WR goes high. The initiation of 
these commands is illustrated in the Timing Diagram. The bit patterns for the commands are shown in Table 1 . 



Table 1. Conversion Commands 



COMMAND 


CS + WR 


D15 


D14 


I/O BUS 
D13 D12 


D11 


010 


REQUIRED NUMBER 
OF CLOCK CYCLES 


Conversion 


t 


H 


L 


X X 


X 


L 


24 


Calibrate^ 


t 


L 


X 


L L 


L 


L 


300 



t Calibration is lost when clock is stopped. 
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TLC1225 

SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 



analog inputs 

differential inputs provide common-mode rejection 

The differential inputs reduce common-mode noise. Common-mode noise is noise common to both IN + and 
IN - inputs, such as 60-Hz noise. There is no time interval between the sampling of the IN + and IN - so these 
inputs are truly differential. Thus no conversion errors result from a time interval between the sampling of the 
IN +and IN -inputs. 

input bypass capacitors 

Input bypass capacitors can be used for noise filtering. However, the charge on these bypass capacitors will be 
depleted during the input sampling sequence when the internal sampling capacitors are charged. Note that the 
charging of the bypass capacitors through the differential source resistances must keep pace with the charge 
depletion of the bypass capacitors during the input sampling sequence. Higher source resistances reduce the 
amount of charging current for the bypass capacitors. Also, note that fast, successive conversion has the 
greatest charge depletion effect on the bypass capacitors. Therefore, the above phenomenon becomes more 
significant as source resistances and the conversion rate (i.e., higher clock frequency and conversion initiation 
rate) increase. 

In addition, if the above phenomenon prevents the bypass capacitors from fully charging between conversions, 
voltage drops across the source resistances will result due to the ongoing bypass capacitor charging currents. 
The voltage drops cause a conversion error. Also, the voltage drops increase with higher | V| + - V|_ | values, 
higher source resistances, and lower charge on the bypass capacitors (i.e., faster conversion rate). 

For low-source-resistance applications (R S ource < 1 00 Q) , a 0.001 -liF bypass capacitor at the inputs prevents 
pickup due to the series lead inductance of a long wire. A 1 00-Q resistor can be placed between the capacitor 
and the output of an operational amplifier to isolate the capacitor from the operational amplifier. 

input leads 

The input leads should be kept as short as possible since the coupling of noise and digital clock signals to the 
the inputs can cause errors. 

power supply considerations 

Noise spikes on the Vcc lines can cause conversion error. Low-inductance tantalum capacitors (> 1 liF) with 
short leads should be used to bypass ANLG V cc and DGTL V cc A separate regulator for the TLC1 225 and 
other analog circuitry greatly reduces digital noise on the supply line. 

A ferrite bead or equivalent inductance can be used between the analog and digital ground planes if the digital 
ground noise is excessive. 
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TLC1225 

SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 



APPLICATION INFORMATION 



UJ 
Q 
O 

u 



=1 " 
o 



(4095)01111 1111 1111 
(4094)0 1111 1111 1110 



(2)0 0000 0000 0010 
(1)0 0000 0000 0001 
(0) 0000 0000 0000 



~7 



NEGATIVE 
FULL-SCALE 
TRANSITION 



ZERO TRANSITION 



POS 
r~ FULL- 
| — 1 TRAN 



POSITIVE 
SCALE 
TRANSITION 



|~lsb" 



1 1111 1111 1111 (-1) 
_ 1 1111 1111 1110 (-2) 



1 0000 0000 0001 (- 4095) 
1 0000 0000 0000 (- 4096) 



V ref 



CODE 


ANALOG 


TRANSITION 


INPUT VOLTAGE 


(DECIMAL) 


(LSB)t 


- 4096 to - 4095 


-4095.5 


- 1 to 


-0.5 


Oto 1 


0.5 


4094 to 4095 


4094.5 



ANALOG INPUT VOLTAGE [V| N(+) - V| N( _)] 



r LSB = V ref + 4096 



Figure 5. Transfer Characteristic 
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TLC1225 

SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 



APPLICATION INFORMATION 



Signal In 



; • (see Note A) 

i 



0.1 uF 



Signal GND 



X Power GNI 



IN(-) 



Vref 



ANLG GND 



DGTL GND 




TIE HIGH 
DGTLVcc 

ANLG V C C 



^ 0.1 nF 10|xF 

t i — 

^Jj- 0.1 |xF ^jp 10 nF 

4 ^Hf 

^ 0.1 |iF 



NOTES: A. The analog input must have some current return path to ANALOG GND. 

B. Bypass capacitor leads must be as short as possible. 

C. For high-accuracy applications, use a larger capacitor to reduce reference noise. 

Figure 6. Analog Considerations 



15V 




5 V 

-HI 



-15V 



IN( + ) 


ANLG V C C + 




TLC1225 


IN(-) 





10 nF 



Figure 7. Input Protection 
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TLC1225 

SELF-CALIBRATING 12-BIT-PLUS-SIGN 
ANALOG-TO-DIGITAL CONVERTER 



APPLICATION INFORMATION 

5 V 



4 kQ 



XDR 



VXDR 




IN( + ) ANLG V CC ♦ 

IN(-) (see Note A) 

DGTLVcc 

TLC1225 

TIE HIGH 

Vref 



NOTES: A. V| = 0.15 x ANLG V C C+- 

B. 1 5% of ANALOG V CC s V X DR * 85% of ANALOG V C C- 



T~7±r 



T 



0.1 nF 



10|iF 



T — I 1- 

0.1 nF^; 10 nF- 1 



3.9 kQ 



1/2 LM358A 



J=fe 1 |xF 




8.2 k£2 



Figure 8. Operating with Ratiometric Transducers 
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TLC2202, TLC2202AJLC2202B 
Advanced LinCMOS™ LOW-NOISE PRECISION 
DUAL OPERATIONAL AMPLIFIERS 



D3497, MAY 1990 



• TLC2202B Is 100% Tested for Noise: 
25 nV/VHz Max at f = 10 Hz 
12nV/VRzMaxatf = 1 kHz 

• Low Input Offset Voltage ... 500 |xV Max 

• Excellent Offset Voltage Stability 
with Temperature ... 0.5 uV/°C Typ 

description 



• Rail-to-Rail Output Swing 

• Low Input Bias Current . . 
at T A = 25°C 



1 pA Typ 



Common-Mode Input Voltage Range 
Includes the Negative Rail 



TYPICAL EQUIVALENT 
INPUT NOISE VOLTAGE 
vs 

FREQUENCY 



The TLC2202, TLC2202A, and TLC2202B are 
precision, low-noise operational amplifiers using 
Texas Instruments Advanced LinCMOS™ 
process. These devices combine the noise 
performance of the lowest-noise JFET amplifiers 
with the dc precision available previously only in 
bipolar amplifiers. The Advanced LinCMOS™ 
process uses silicon-gate technology to obtain 
input offset voltage stability with temperature and 
time that far exceeds that obtainable using metal- 
gate technology. In addition, this technology 
makes possible input impedance levels that meet 
or exceed levels offered by top-gate JFET and 
expensive dielectric-isolated devices. 

The combination of excellent dc and noise 
performance with a common-mode input voltage 
range that includes the negative rail makes these 
devices an ideal choice for high-impedance, low- 
level signal-conditioning applications in either 
single-supply or split-supply configurations. 

The device inputs and outputs are designed to withstand -1 00-mA surge currents without sustaining latchup. 
In addition, internal ESD protection circuits prevent functional failures at voltages up to 2000 V as tested under 
MIL-STD-883C, Method 3015.2; however, care should be exercised in handling these devices as exposure 
to ESD may result in degradation of the device parametric performance. 

AVAILABLE OPTIONS 




10 k 







V n max 
f = 10 Hz 
AT 25°C 


V n max 
f = 1 kHz 
AT 25°C 


PACKAGE 




Vjo max 
AT 25°C 


SMALL- 
OUTLINE 

(D) 


CHIP 
CARRIER 

(FK) 


CERAMIC 
DIP 

(JG) 


METAL 
CAN 

(L) 


PLASTIC 
DIP 

(P) 


o°c 


500 uV 


25 nV/VRz 


12 nV/VHz 


TLC2202BCD 






TLC2202BCL 


TLC2202BCP 


to 


500 |jV 


35 nV/VRI 


15 nV/VRz 


TLC2202ACD 






TLC2202ACL 


TLC2202ACP 


70°C 


1 mV 






TLC2202CD 






TLC2202CL 


TLC2202CP 


-40°C 


500 uV 


25 nVA/Hz 


12 nV/vRz 


TLC2202BID 






TLC2202BIL 


TLC2202BIP 


to 


500 (lV 


35nV/VHi 


15 nV/VHz 


TLC2202AID 






TLC2202AIL 


TLC2202AIP 


85 C 


1 mV 






TLC2202IO 






TLC2202IL 


TLC2202IP 


- 55 C C 


500 uV 


25 nvWHz 


12 nV/\*Hz 


TLC2202BMD 


TLC2202BMFK 


TLC2202BMJG 


TLC2202BML 


TLC2202BMP 


to 


500 uV 


35 nV/VHi 


15 nV/VHz 


TLC2202AMD 


TLC2202AMFK 


TLC2202AMJG 


TLC2202AML 


TLC2202AMP 


125°C 


1 mV 






TLC2202MD 


TLC2202MFK 


TLC2202MJG 


TLC2202ML 


TLC2202MP 



D packages are available taped-and-reeled. Add "R" suffix to device type (e.g., TLC2202BCDR). 



Advanced LinCMOJ 



a trademark 



of Texas Instruments Incorporated. 



PRODUCTION DATA documents contain information 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
necessarily include testing of all parameters. 
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TLC2202, TLC2202A, TLC2202B 

Advanced LinCMOS™ LOW-NOISE PRECISION 

DUAL OPERATIONAL AMPLIFIERS 



description (continued) 

The C-suffix devices are characterized for operation from 0°C to 70°C. The l-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 



NC C 1 
NCC 2 
1 OUT [ 3 
1 IN - C 4 
1 IN + [ 5 
V DD _/GND [ 6 
NC [ 7 



D PACKAGE 
(TOP VIEW) 

U 14 ]NC 
13 ] NC 

12]V DD + 
11 ]2 0UT 
10 J 2IN- 
9 ]2IN + 
8 ] NC 



JG, OR P PACKAGE 
(TOP VIEW) 



1 OUT 1i U ah v DD + 

1 IN-[ 2 7 ] 2 OUT 
1IN + [3 6]2IN- 
V DD _/GND[4 5]2|N + 



NC ]4 
1 IN - ]5 

NC ]6 
1 IN + ]7 
NC ]8 



FK PACKAGE 
(TOP VIEW) 



o o 

Z T- 



16[ 
15[ 



9 10 11 12 13 
i — ii — ii — ii — in^ 



18 [ NC 
17 Q 2 OUT 
NC 
2 IN - 



14[ NC 



o o o 
z z z 

a 
i 

Q 

5 
> 



+ o 



L PACKAGE 
(TOP VIEW) 

V D D + 




Pin 4 of the L package is in 
electrical contact with the case. 



NC - No internal connection 



equivalent schematic (each amplifier) 



IN + 



IN ■ 




OUT 
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TLC2202, TLC2202AJLC2202B 
Advanced LinCMOS™ LOW-NOISE PRECISION 
DUAL OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vqd + (see Note 1) 8 V 

Supply voltage, Vqq _ - 8 V 

Differential input voltage (see Note 2) ± 16 V 

Input voltage range, V| (any input) ±8V 

Input current, l| (each input) ± 5 mA 

Output current, Iq (each output) +50 mA 

Duration of short-circuit current at (or below) 25°C (see Note 3) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T^: C-suffix 0°C to 70°C 

l-suffix -40°C to 85°C 

M-suffix -55°C to 125°C 

Storage temperature range - 65°C to 1 50°C 

Case temperature for 60 seconds: FK package 260°C 



Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package 300°C 

NOTES: 1 . All voltage values, except differential voltages, are with respect to the midpoint between Vqq + and Vqq _ . 

2. Differential voltages are at the noninverting input with respect to the inverting input. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the 
maximum dissipation rating is not exceeded. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 


DERATING FACTOR 


T A = 70°C 


T A = 85°C 


T A = 125°C 


POWER RATING 


ABOVE T A = 25°C 


POWER RATING 


POWER RATING 


POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


494 mW 


190 mW 


FK 


1375 mW 


1 1 .0 mW/°C 


880 mW 


715 mW 


275 mW 


JG 


1050 mW 


8.4 mW/°C 


672 mW 


546 mW 


210 mW 


L 


650 mW 


5.2 mW/°C 


416 mW 


338 mW 


130 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 


520 mW 


200 mW 



recommended operating conditions 





C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 




MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Supply voltage, Vqq 


±2.3 


±8 


±2.3 


±8 


±2.3 


±8 


V 


Common-mode 
input voltage, Vjq 


VDD- 


V D D + -2.3 


VDD- 


V D D + -2-3 


VDD- 


V D D + -2.3 


V 


Operating free-air 
temperature, T^ 





70 


-40 




85 


-55 


125 


°C 
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TLC2202C 

Advanced LinCMOS™ LOW-NOISE PRECISION 
DUAL OPERATIONAL AMPLIFIER 



electrical characteristics at specified free-air temperature, Vqq± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLC2202C 


UNIT 


MIN TYP MAX 


V|q Input offset voltage 


V| C = 0, R S = 50 n 


25°C 


100 1000 


uV 


Full range 


1 150 


a VIO Temperature coefficient of input offset voltage 


C C to 
70°C 


0.5 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.001 0.005 


uV/mo 


1 10 ln P ut offset current 


25°C 


0.5 


PA 


Full range 


100 


l|B Input bias current 


25°C 


1 


pA 


Pi ill rsini-iA 
nun i o i i '..f '.^ 


100 


V|qr Common-mode input voltage range 


R S = 50 n 


hull range 


_ 5 
2 7 


V 


Vqm + Maximum positive peak output voltage swing 


R|_ = 10 kii 


25"C 


4 7 4 8 


V 


Full range 


4 7 


v OM - Maximum negative peak output voltage swing 


25°C 


— 4 7 - 4 9 


V 


Pi 1 1 1 ra nfio 

run idiiyts 


— 4 7 


Ayrj Large-signal differential voltage amplification 


V = ±4V, 
R L = 500 ktt 


25=C 


400 560 


V/mV 


Full range 


300 


V = ± 4 V, 
R L = 10 kn 


25 C 


90 100 


Full range 


70 


CMRR Common-mode rejection ratio 


v O - °. V IC = V ICR min ' 
R s = 50 n 


25°C 


80 115 


dB 


Full range 


80 


k SVR Supply-voltage rejection ratio (aVqq ± / AV|q) 


V DD± = + 2.3Vto±8V 


25 C 


80 110 


dB 


Full range 


80 


Iqq Supply current 


V = 0, No load 


25°C 


1.8 2.5 


mA 


Full range 


2.5 


operating characteristics at specified free-air temperature, Vdd± = ± 5 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


*** 


TLC2202C 


UNIT 


MIN TYP MAX 


SR Slew rate at unity gain 


V = ±2.3V, R L = 10 kfl, 
C L = 100 pF 


25 C 


2 2.7 


V/(is 


Full range 


1.5 


V n Equivalent input noise voltage 


f = 10 Hz 


25 C C 


18 


nV/VHz 


f = 1 kHz 


25°C 


8 


VN(PP) Peak-to-peak equivalent input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.5 


nv 


f = 0.1 to 10 Hz 


25"C 


0.7 


l n Equivalent input noise current 




25'C 


0.6 


fA/vHz 


Gain-bandwidth product 


f = 10 kHz. R[_ = 10k£2, 
C L = 100pF 


25°C 


1.9 


MHz 


<*m Phase margin at unity gain 


R|_ = 10k£2, C L = 100 pF 


25°C 


48 





f Full range is 0°C to 70"C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLC2202AC, TLC2202BC 
Advanced LinCMOS™ LOW-NOISE PRECISION 
DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqd± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLC2202AC 


TLC2202BC 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 






25°C 




80 


500 




80 


500 


nv 






Full range 


650 


650 


a VIO 


Temperature coefficient 
of input offset voltage 






0°C to 
70°C 


0.5 


0.5 


uV/°C 


Input offset voltage 
long-term drift (see Note 4) 


V| C = 0. R S = 50 n 


25°C 




0.001 


0.005 




0.001 


0.005 


uV/mo 


ho 


Input offset current 






25°C 


0.5 


0.5 


pA 






Full range 


100 


100 


'IB 


Input bias current 






25°C 


1 


1 


pA 






Full range 


100 


100 


V ICR 


Common-mode input 
voltage range 


R S = 50 n 


Full range 


-5 
to 
2.7 


-5 
to 
2.7 


V 


v OM + 


Maximum positive peak 






25°C 


4.7 


4.8 




4.7 


4.8 




V 


output voltage swing 


Rl 


= 10 kil 


Full range 


4.7 


4.7 


v OM- 


Maximum negative peak 


25°C 


-4.7 


-4.9 




-4.7 


-4.9 




V 


output voltage swing 






Full range 


-4.7 


- 4.7 






V = ±4V, 


25°C 


400 


560 




400 


560 






A VD 


Large-signal differential 




= 500 W2 


Full range 


300 


300 


V/mV 


voltage amplification 


V = ±4V, 


25°C 


90 


100 




90 


100 








Rl 


= 10kfi 


Full range 


70 


70 




CMRR 


Common-mode 


Vo - 0. Vic - V| CR min. 


25 C 


80 


115 




80 


115 




dB 


rejection ratio 


R s = 50 n 


Full range 


80 


80 


k SVR 


Supply-voltage rejection 


V DD+ = ±2.3Vto±8V 


25° C 


80 


110 




80 


110 




dB 


ratio (iVrjo + / AV|q) 


Full range 


80 


80 




Supply current 


V = 0, No load 


25= C 




1.8 


2.5 




1.8 


2.5 


mA 


Full range 


2.5 


2.5 


operating characteristics at specified free-air temperature, Vqd 


± = 


±5V(unless otherwise noted) 




PARAMETER 




TEST CONDITIONS 


T A f 


TLC2202AC 


TLC2202BC 


UNIT 






MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


SR 


Slew rate 




V D = ±2.3V, 
R L = 1 o kn, 

Cl = 100 pF 


25°C 


2 


2.7 




2 


2.7 




V/us 


at unity gain 




Full range 


1.5 


1.5 




Equivalent input noise 




f = 10 Hz 


25=C 




18 


35 




18 


25 


nV/VHz 


Vn 


voltage (see Note 5) 




f = 1 kHz 


25°C 


8 15 




8 


12 


V N(PP) 


Peak-to-peak equivalent 




f = 0.1 to 1 Hz 


25 C 


0.5 


0.5 


M.V 


input noise voltage 




f = 0.1 to 10 Hz 


25=C 


0.7 


0.7 


In 


Equivalent input noise current 




25°C 


0.6 


0.6 


fA/VHz 


Gain-bandwidth product 


f = 10 kHz, 
R L = 10 kfl, 
C L = 100 pF 


25°C 


1.9 


1.9 


MHz 




Phase margin at unity gain 




R L = 10 kQ, 
C L = 100 pF 


25°C 


48° 


48° 





f Full range is 0°C to 70°C. 

NOTES: 4. Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T^ = 1 50°C extrapolated 



to = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, 
please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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TLC2202C 

Advanced LinCMOS™ LOW-NOISE PRECISION 
DUAL OPERATIONAL AMPLIFIER 



electrical characteristics at specified free-air temperature, Vqq = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLC2202C 


UNIT 


MIN TYP MAX 


V|q Input offset voltage 


V|C = n . R S = son 


25°C 


100 1000 


uV 


Full range 


1150 


a VIO Temperature coefficient of input offset voltage 


C to 

70°C 


0.5 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.001 0.005 


uV/mo 


l|0 Input offset current 


25 C C 


0.5 


pA 


Full range 


100 


l|B Input bias current 


25°C 


1 


pA 


Full range 


100 


V ICR Common-mode input voltage range 


R S = 50 £2 


Full range 



to 

2.7 


V 


Vqh Maximum high-level output voltage 


R|_ 10 kQ 


25°C 


4.7 4.8 


V 


Full range 


4.7 


Vol Maximum low-level output voltage 


In = 


25°C 


50 


mV 


Full range 


50 


Ayp Large-signal differential voltage amplification 


V = 1 V to 4 V, 
R L = 500 kQ 


25°C 


150 315 


V/mV 


Full range 


100 


V = 1 V to 4 V, 

Rl = 10 kn 


25°C 


25 55 


Full range 


15 


CMRR Common-mode rejection ratio 


Vn = °- V IC = v lCR min ^ 
R s = 50 Q 


25 C 


75 110 


dB 


Full range 


75 


kSVR Supply-voltage rejection ratio (AVpp / AV|q) 


V DD = 4.6 V to 16 V 


25°C 


80 110 


dB 


Full range 


80 


Iqq Supply current 


V - 2.5 V, No load 


25°C 


1.7 2.4 


mA 


Full range 


2.4 


operating characteristics at specified free-air temperature, Vqq = 5V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


T A f 


TLC2202C 


UNIT 


MIN TYP MAX 


SR Slew rate at unity gain 


Vq - 0.5 V to 2.5 V, 

R|_ = 10 kQ, C L = 100 pF 


25 C 


1 .8 2.5 


V/(1S 


Full range 


1.3 


V n Equivalent input noise voltage 


f = 10 Hz 


25°C 


18 


nV/VHz 


f = 1 kHz 


25°C 


8 


VN(pp) Peak-to-peak equivalent input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.5 


uV 


f = 0.1 to 10 Hz 


25°C 


0.7 


l n Equivalent input noise current 




25°C 


0.6 


fA/VRz 


Gain-bandwidth product 


f = 10 kHz, R L = 10 kQ, 
C L = 100 pF 


25°C 


1.9 


MHz 


*m Phase margin at unity gain 


R L = 10 k£J, C L = 100 pF 


25°C 


47 





t Full range is 0°C to 70°C 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T^ = 1 50°C extrapolated 
to Tfr = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vqq = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLC2202AC 


TLC2202BC 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 




25 C 




80 


500 




80 


500 


uV 




Full range 


650 


650 


«VIO 


Temperature coefficient 
of input offset voltage 




0°C to 
70°C 


0.5 


0.5 


uV/°C 


Input offset voltage 
long-term drift (see Note 4) 


V|c = 0, Rs = 50 £2 


25°C 




0.001 


0.005 




0.001 


0.005 


uV/mo 


'10 


Input offset current 




25°C 


0.5 


0.5 


pA 




Full range 


100 


100 


'IB 


Input bias current 




25°C 


1 


1 


pA 




Full range 


100 


100 


V ICR 


Common-mode input 
voltage range 


Rs = 50 n 


Full range 



to 
2.7 



to 
2.7 


V 


V H 


Maximum high-level 


R L = 10 kn 


25°C 


4.7 


4.8 




4.7 


4.8 




V 


output voltage 


Full range 


4.7 


4.7 


vol 


Maximum low-level 


l = 


25°C 







50 







50 


mV 


output voltage 


Full range 


50 


50 






V = 1 V to 4 V, 


25°C 


150 


315 




150 


315 








Large-signal differential 


R L = 500 kfl 


Full range 


100 


100 


V/mV 


voltage amplification 


V • 1 V to 4 V, 


25°C 


25 


55 




25 


55 








R L = 10 kfi 


Full range 


15 


15 




CMRR 


Common-mode 


Vo = 0, V| C . V| CR min, 


25°C 


75 


110 




75 


110 




dB 


rejection ratio 


R s = 50 fi 


Full range 


75 


75 


k SVR 


Supply-voltage rejection 


V DD = 4.6 V to 16 V 


25°C 


80 


110 




80 


110 




dB 


ratio (AVqq / AV| ) 


Full range 


80 


80 




Supply current 


V = 2.5 V, No load 


25«C 




1.7 


2.4 




1.7 


2.4 


mA 


Full range 


2.4 


2.4 



operating characteristics at specified free-air temperature, Vdd = 5V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLC2202AC 


TLC2202BC 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


g R Slew rate 

at unity gain 


V = 0.5 V to 2.5 V, 
R L = 10 kfi, 
C L = 100 pF 


25°C 


1.8 2.5 


1.8 2.5 


V/us 


Full range 


1.3 


1.3 


y Equivalent input noise 
voltage (see Note 5) 


f = 10 Hz 


25"C 


18 35 


18 25 


nV/\'Hz 


f = 1 kHz 


25°C 


8 15 


8 12 


Peak-to-peak equivalent 
' ' input noise voltage 


f = 0.1 to 1 Hz 


25"C 


0.5 


0.5 


uV 


f = 0.1 to 10 Hz 


25°C 


0.7 


0.7 


l n Equivalent input noise current 




25°C 


0.6 


0.6 


fA/VRz 


Gain-bandwidth product 


f = 10 kHz, 
RL = 10 kfi, 
C|_ = 100 pF 


25°C 


1.9 


1.9 


MHz 


*m Phase margin at unity gain 


R|_ = 10 kfi, 
C L = 100 pF 


25°C 


47° 


47° 





t Full range is 0°C to 70°C. 

NOTES: 4. Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T/\ = 1 50°C extrapolated 



to Tfr = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, 
please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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electrical characteristics at specified free-air temperature, Vqd ± = ± 5 V (unless otherwise noted) 





PARAMETER 




TEST CONDITIONS 




TLC2202I 


UNIT 






MIN 


TYP 


MAX 


V| 


Input offset voltage 






25°C 




100 


1000 


M v 






Full range 


1200 


a VIO 


Temperature coefficient of input offset voltage 






- 40°C to 
85°C 


0.5 


u.V/°C 


Input offset voltage long-term drift (see Note 4) 


V| C = 0, R S = 50 £2 


25°C 




0.001 


0.005 


uV/mo 


■io 


Input offset current 






25°C 


0.5 


pA 






Full range 


150 


l|B 


Input bias current 






25°C 


1 


pA 






Full range 


150 


VlCR 


Common-mode input voltage range 




R s = 50 a 


Full range 


-5 
to 
2.7 


V 


v OM + 


Maximum positive peak output voltage swing 






25°C 


4.7 


4.8 




V 




R L = 10 kfl 


Full range 


4.7 


V M- 


Maximum negative peak output voltage swing 




25°C 


-4.7 


-4.9 




V 






Full range 


-4.7 








V = +4V. 


25°C 


400 


560 






A VD 


Large-signal differential voltage amplification 




R L = 500 kfi 


Full range 


250 


V/mV 




V - ±4V, 


25°C 


90 


100 










R[_ = 10 kfl 


Full range 


65 




CMRR 


Common-mode rejection ratio 




Vo ■ 0. V IC - V ICR min . 


25°C 


80 


115 




dB 




R S = 50 n 


Full range 


80 


k SVR 


Supply-voltage rejection ratio (AVqd + / aV|q) 




V DD± = ±23Vto±8V 


25°C 


80 


110 




dB 




Full range 


80 


'dd 


Supply current 




V - 0. No load 


25°C 




1.8 


2.5 


mA 




Full range 


2.5 


operating characteristics at specified free-air temperature, Vqq± 


= ± 5 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 




TLC2202I 


UNIT 


MIN 


TYP 


MAX 


SR 


Slew rate at unity gain 




V = ±2.3 V, R L = 10 k£J, 


25°C 


2 


2.7 




V/us 




C L = 100 pF 


Full range 


1.4 




Equivalent input noise voltage 


f = 10 Hz 


25°C 


18 


nV/VHz 


Vn 


f = 1 kHz 


25°C 


8 


V N(PP) 


Peak-to-peak equivalent input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.5 




f = 0.1 to 10 Hz 


25°C 


0.7 


uV 


In 


Equivalent input noise current 




25°C 


0.6 


fA/VRz 


Gain-bandwidth product 


f = 10 kHz, R L ■ 10 kQ, 
C L = 100 pF 


25"C 


1.9 


MHz 




Phase margin at unity gain 


R L = 10 kfi, C L = 100 pF 


25°C 


48° 





f Full range is -40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vqd+ = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLC2202AI 


TLC2202BI 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


V|q Input offset voltage 


V| C = 0, R S = 50 n 


25 C 


80 500 


80 500 


nv 


Full range 


700 


700 


Temperature coefficient 
0<v "- > of input offset voltage 


- 40°C to 
85°C 


0.5 


0.5 


uV/°C 


Input offset voltage 
long-term drift (see Note 4) 


25°C 


0.001 0.005 


0.001 0.005 


uV/mo 


l|0 Input offset current 


25»C 


0.5 


0.5 


pA 


Full range 


150 


150 


1 13 Input bias current 


25°C 


1 1 




Full range 






Common-mode input 

VlpR 

w voltage range 


R s = son 


Full range 


-5 
to 

2.7 


-5 
to 
2.7 


V 


Maximum positive peak 

VrjM j. 

wm T output voltage swing 


R L = 10 kn 


25°C 


4.7 4.8 


4.7 4.8 


V 


Full range 


4.7 


4.7 


Maximum negative peak 

VrjM 

wlvl output voltage swing 


25 C 


-4.7 -4.9 


-4.7 -4.9 


V 


Full range 


- 4.7 


- 4.7 


Large-signal differential 
VD voltage amplification 


Vq = ±4V, 
R L = 500 kf! 


25°C 


400 560 


400 560 


V/mV 


Full range 


250 


250 


V = ±4V, 
R|_ = 10 kn 


25°C 


90 100 


90 100 


Full range 


65 


65 


Common-mode 
CMRR . . 

rejection ratio 


Vo - 0, V| C = V| CR min, 
R s = 50 £2 


25°C 


80 115 


80 115 


dB 


Full range 


80 


80 


Supply-voltage rejection 
SVR ratio (AV DD± /AV| ) 


V DD± = ±2.3 V to ±8 V 


25°C 


80 110 


80 110 


dB 


Full range 


80 


80 


Iqq Supply current 


V = 0, No load 


25°C 


1.8 2.5 


1.8 2.5 


mA 


Full range 


2.5 


2.5 


operating characteristics at specified free-air temperature, Vqq± = ± 5 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 




TLC2202AI 


TLC2202BI 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Slew rate 
at unity gain 


V = ±2.3V, 
R|_ = 10 kn, 
C L = 100 pF 


25°C 


2 2.7 


2 2.7 


V/ns 


Full range 


1.4 


1.4 


y Equivalent input noise 
voltage (see Note 5) 


f = 10 Hz 


25X 


18 35 


18 25 


nV/VlHz 


f = 1 kHz 


25°C 


8 15 


8 12 


Peak-to-peak equivalent 
' ' input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.5 


0.5 


uV 


f = 0.1 to 10 Hz 


25°C 


0.7 


0.7 


l n Equivalent input noise current 




25°C 


0.6 


0.6 


fA/VRz 


Gain-bandwidth product 


f = 10 kHz, 
R[_ = 10 kn, 
C L = 100pF 


25°C 


1.9 


1.9 


MHz 


0m Phase margin at unity gain 


R L = 10 kn, 
C L = 100 pF 


25°C 


48° 


48» 





f Full range is -40°C to 85°C. 

NOTES: 4. Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T^ = 1 50°C extrapolated 



to Ty\ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, 
please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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electrical characteristics at specified free-air temperature, Vqq = 5 V (unless otherwise noted) 





PARAMETER 




TEST CONDITIONS 




TLC2202I 


UNIT 






MIN 


TYP 


MAX 


VlO 


Input offset voltage 






25-C 




100 


1000 


u.V 






Full range 


1200 






- 40°C to 
85°C 


0.5 


u.V/°C 


Input offset voltage long-term drift (see Note 4) 


V| C = 0, R S = 50 n 


25°C 




0.001 


0.005 


uV/mo 


'10 


Input offset current 






25°C 


0.5 


pA 






Full range 


150 


'IB 


Input bias current 






25°C 


1 


pA 






Full range 


150 


VlCR 


Common-mode input voltage range 




R s = 50 n 


Full range 



to 
2.7 


V 


V H 


Maximum high-level output voltage 




R[_ = 1 k£i 


25°C 


4.7 


4.8 




V 




Full range 


4.7 


vol 


Maximum low-level output voltage 




l - 


25°C 







50 


mV 




Full range 


50 








Vq = 1 V to 4 V, 


25°C 


150 


315 






A VD 


Large-signal differential voltage amplification 




R L = 500 WJ 


Full range 


100 


V/mV 




V D = 1 V to 4 V, 


25°C 


25 


55 










R L • 10k£i 


Full range 


15 




CMRR 


Common-mode rejection ratio 




Vo = 0, V| C = V| CR min. 


25°C 


75 


110 




dB 




R s = 50 £2 


Full range 


75 


k SVR 


Supply-voltage rejection ratio (AVqq / AV|q) 




Vqd = 4.6 V to 16 V 


25°C 


80 


110 




dB 




Full range 


80 


'dd 


Supply current 




V = 2.5 V, No load 


25°C 




1.7 


2.4 


mA 




Full range 


2.4 


operating characteristics at specified free-air temperature, Vqd 


= 5 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


T A f 


TLC2202I 


UNIT 


MIN 


TYP 


MAX 


SR 


Slew rate at unity gain 




V m 0.5 V to 2.5 V, 


25°C 


1.8 


2.5 




V/us 




R[_ = 10 kn, C L = 100 pF 


Full range 


1.2 


Vn 


Equivalent input noise voltage 


f = 10 Hz 


25°C 


18 


nV/VRz 




f = 1 kHz 


25°C 


8 


V N(PP) 


Peak-to-peak equivalent input noise voltage 


f = 0.1 to 1 Hz 


25°C 










f = 0.1 to 10 Hz 


25°C 










In 


Equivalent input noise current 




25°C 


0.6 


fA/VHz 


Gain-bandwidth product 


f = 10 kHz, R L = 10 W2, 
C L = 100 pF 


25°C 


1.9 


MHz 




Phase margin at unity gain 


R L = 10kfi, C L - 100 pF 


25°C 


47° 





tFull range is -40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T A = 1 50 J C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vqd = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLC2202AI 


TLC2202BI 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


V| 


Input offset voltage 




25°C 




80 


500 




80 


500 


uV 




Full range 


700 


700 


a VIO 


Temperature coefficient 
of input offset voltage 




- 40°C to 
85°C 


0.5 


0.5 


uV/°C 


Input offset voltage 
long-term drift (see Note 4) 


V| C = 0, R S = 50 n 


25°C 




0.001 


0.005 




0.001 


0.005 


uV/mo 


to 


Input offset current 




25°C 


0.5 


0.5 


pA 




Full range 


150 


150 


'IB 


Input bias current 




25°C 


1 


1 


pA 










150 


150 


V ICR 


Common-mode input 
voltage range 


R s = 50 n 


Full range 



to 

2.7 




to 
2.7 


V 


V H 


Maximum high-level 


R L = 10 kn 


25°C 


4.7 


4.8 




4.7 


4.8 




V 


output voltage 


Full range 


4.7 


4.7 


vol 


Maximum low-level 


l = 


25°C 







50 







50 


mV 


output voltage 


Full range 


50 


50 






V = 1 V to 4 V, 


25°C 


150 


315 




150 


315 








Large-signal differential 


R[_ = 500 kfi 


Full range 


100 


100 


V/mV 


voltage amplification 


V = 1 V to 4 V, 


25°C 


25 


55 




25 


55 








R L = 10 kfi 


Full range 


15 


15 




CMRR 


Common-mode 


Vo - 0. V|C = v ICR min ' 


25°C 


75 


110 




75 


110 




dB 


rejection ratio 


R s = 50 U 


Full range 


75 


75 


k SVR 


Supply-voltage rejection 


V DD = 4.6 V to 16 V 


25°C 


80 


110 




80 


110 




dB 


ratio (AV DD /AV| ) 


Full range 


80 


80 


too 


Supply current 


V = 2.5 V, No load 


25 C 




1.7 


2.4 




1.7 


2.4 


mA 


Full range 


2.4 


2.4 



operating characteristics at specified free-air temperature, Vqd = 5V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLC2202AI 


TLC2202BI 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


Slew rate 

SR 

at unity gain 


V D = 0.5 V to 2.5 V, 
R L = 10 k£2, 
C L = 100pF 


25°C 


1.8 2.5 


1.8 2.5 


V/u.s 


Full range 


1.2 


1.2 


Equivalent input noise 
voltage (see Note 5) 


f = 10 Hz 


25°C 


18 35 


18 25 


nV/>fHz 


f = 1 kHz 


25°C 


8 15 


8 12 


Peak-to-peak equivalent 
' ' input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.5 


0.5 


uV 


t = 0.1 to 10 Hz 


25°C 


0.7 


0.7 


l n Equivalent input noise current 




25°C 


0.6 


0.6 


fA/Vfiz 


Gain-bandwidth product 


f = 10 kHz, 
R|_ = 10 k£5, 
C L = 100 pF 


25°C 


1.9 


1.9 


MHz 


*m Phase margin at unity gain 


R L = 10 W2, 
C L = 100 pF 


25°C 


47° 


47° 





t Full range is -40°C to 85°C. 

NOTES: 4. Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test atT^ = 1 50°C extrapolated 



to = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, 
please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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electrical characteristics at specified free-air temperature, Vqd± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLC2202M 


UNIT 


MIN TYP MAX 


Vii"i Innut nffept vnltanp 


V| C = 0, R s = 50 Q 


25° C 


100 1000 




Full range 


1250 


rrv n/-\ Tpmnprati itp rnpffifNPnt of inni it nffQPt unltpnp 

If) 1 CI 1 l|hJd CtLUIC l^UCIIILilCI IL Ul MipUl UIIOCL VUlLdLJC 


- 55°C to 
125°C 


5 


fiV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.001 0.005' 


nV/mo 


1 10 Input offset current 


25°C 


0.5 


pA 


Full range 


500 


l|B Input bias current 


25°C 


1 


pA 


Full range 


500 


V|cr Common-mode input voltage range 


R s = 50 Si 


Full range 


-5 
to 

2.7 


V 


OM + Maximum positive pedK output voltage swing 


R L = 10 kn 


25°C 


4.7 4.8 


V 


Full range 


4.7 


^OM — Maximum negative peak output voltage swing 


25 : C 


-4.7 -4.9 




Full range 


-4.7 


Ayo Large-signal differential voltage amplification 


Vq = ±4V, 
R|_ = 500 kn 


25°C 


400 560 


V/mV 


Full range 


200 


V = ±4V, 
R L = 10 kn 


25°C 


90 100 


Full range 


45 


CMRR Common-mode rejection ratio 


VfJ = 0. V IC = V ICR *** 
R s = 50 Q 


25°C 


80 115 


dB 


Full range 


80 


k SVR Supply-voltage rejection ratio (AVrjrj + / AV|q) 


V DD± - ±2.3Vto±8V 


25°C 


80 110 


dB 


Full range 


80 


Iqd Supply current 


V = 0. No load 


25=C 


1.8 2.5 


mA 


Full range 


2.5 


operating characteristics at specified free-air temperature, V&d± 


= ±5V(unlessotherwise noted) 


PARAMETER 


TEST CONDITIONS 




TLC2202M 


UNIT 


MIN TYP MAX 


SR Slew rate at unity gain 


Vq = ±2.3V, R|_ = 10 kn, 
C|_ = 100 pF 


25°C 


2 2.7 


V/us 


Full range 


1.3 


V n Equivalent input noise voltage 


f = 10 Hz 


25°C 


18 


nV/VHz 


f = 1 kHz 


25°C 


8 


VN(pp) Peak-to-peak equivalent input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.5 


nv 


f = 0.1 to 10 Hz 


25°C 


0.7 


l n Equivalent input noise current 




25°C 


0.6 


fA/VHz 


Gain-bandwidth product 


f = 10 kHz, R L = 10 kfl, 
C L = 100 pF 


25°C 


1.9 


MHz 


*m Phase margin at unity gain 


R L ■ 10 kn, C L = 100 pF 


25°C 


48° 





"On products compliant to MIL-STD-883. Class B, this parameter is not production-tested. 
"•"Full range is -55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T/\ = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vqd± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T.t 

T A' 


TLC2202AM 


TLC2202BM 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


V|q Input offset voltage 


V| C = 0, R s = 50 n 


25°C 


80 500 


80 500 


uV 


Full range 


750 


750 


Temperature coefficient 
av| of input offset voltage 


- 55°C to 
125°C 


5 


5 


uV/°C 


Input offset voltage 
long-term drift (see Note 4) 


25°C 


U.UU I u.uuo 


U.UU I U.UUD 


[jV/mo 


I n HipUL Ull&tJl OUIItSIIL 


25°C 


0.5 


0.5 


nA 

pa 


Full range 


500 


500 


l| B Input bias current 


25°C 


1 


1 


pA 


Full range 


500 


500 


Common-mode input 
ICR voltage range 


Rg = 50 £2 


Full range 


-5 
to 
2.7 


-5 

to 
2.7 


V 


Maximum positive peak 
VOM + 0U tp U t voltage swing 


rt|_ = 1 U KL2 


25-C 


4.7 4.8 


4.7 4.8 


V 


Full range 


4.7 


4.7 


Maximum negative peak 
OM ~ output voltage swing 


25°C 


-4.7 -4.9 


-4.7 -4.9 


V 


Full range 


-4.7 


- 4.7 


Large-signal differential 
AvD voltage amplification 


V = ±4V, 
R L = 500 kfi 


25°C 


400 560 


400 560 


V/mV 


Full range 


200 


200 


V = ±4V, 
R L = 10 k£J 


25°C 


90 100 


90 100 


Full range 


45 


45 


Common-mode 
CMRR . . 

reaction ratio 


Vo = 0, V !C . V| CR min, 
R S = 50 n 


25°C 


80 115 


80 115 


dB 


Full range 


80 


80 


Supply-voltage rejection 
ksVR ratio (AV DD± /AV| ) 


V DD± = + 2.3 V to ±8 V 


25°C 


80 110 


80 110 


dB 


Full range 


80 


80 


IpD Supply current 


V = 0, No load 


25°C 


1.8 2.5 


1.8 2.5 


mA 


Full range 


2.5 


2.5 


operating characteristics at specified free-air temperature, Vqq+ = ± 5 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


T A + 


TLC2202AM 


TLC2202BM 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


g R Slew rate 

at unity gain 


Vq = ± 2.3 V, 
R L = 10kn, 
C L = 100 pF 


25°C 


2 2.7 


2 2.7 


V/us 


Full range 


1.3 


1.3 


Equivalent input noise 
voltage (see Note 5) 


f = 10 Hz 


25 C 


18 35* 


18 25* 


nV/VRz 


f = 1 kHz 


25°C 


8 15* 


8 12* 


Peak-to-peak equivalent 
N ( pp ) input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.5 


0.5 


uV 


f = 0.1 to 10 Hz 


25"C 


0.7 


0.7 


l n Equivalent input noise current 




25°C 


0.6 


0.6 


fA/VHz 


Gain-bandwidth product 


f = 10 kHz, 
R[_ = 10 kn. 
C L - 100 pF 


25°C 


1.9 


1.9 


MHz 


4>m Phase margin at unity gain 


R[_ = 10 kn, 
C L = 100 pF 


25°C 


48° 


48° 





*On products compliant to MIL-STD-883, Class B, this parameter is not production-tested. 
+ Full range is -55°C to 125°C. 

NOTES: 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T rt = 150°C extrapolated 
to T fl = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, 
please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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electrical characteristics at specified free-air temperature, Vqq = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A * 


TLC2202M 


UNIT 


MIN TYP MAX 


V|Q Input offset voltage 


V| C = 0, Rg = 50« 


25°C 


100 1000 


uV 


Full range 


1250 


a VIO Temperature coefficient of input offset voltage 


- 55°C to 
125°C 


0.5 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.001 0.005" 


uV/mo 


l|0 Input offset current 


25°C 


0.5 


pA 


Full range 


500 


l|B Input bias current 


25 C 


1 


pA 


Full range 


500 


V|Qp Common-mode input voltage range 


R S = 50 £2 


Full range 



to 

2.7 


V 


Vq}_) Maximum high-level output voltage 


R[_ = 10 k£2 


25 C 


4.7 4.8 


V 


Full range 


4.7 


Vq|_ Maximum low-level output voltage 


In 


25°C 


50 


mV 


Full range 


50 


Ayo Large-signal differential voltage amplification 


V = 1 V to 4 V, 
R|_ = 500 kn 


25°C 


150 315 


V/mV 


Full range 


75 


V = 1 V to 4 V, 
R|_ = 10 kn 


25°C 


25 55 


Full range 


10 


CMRR Common-mode rejection ratio 


V IC - V ICR min ' 
R s = 50 Q 


25°C 


75 110 


dB 


Full range 


75 


kgyp Supply-voltage rejection ratio (AVrjp / aV|q) 


V DD = 4.6 V to 16 V 


25°C 


80 110 


dB 


Full range 


80 


Iqq Supply current 


V = 2.5 V, No load 


25°C 


1.7 2.4 


mA 


Full range 


2.4 


operating characteristics at specified free-air temperature, Vqq = 5V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 




TLC2202M 


UNIT 


MIN TYP MAX 


SR Slew rate at unity gain 


Vq = 0.5 V to 2.5 V, 

R L - 10 kn, C L = 100 pF 


25°C 


1.8 2.5 


V/us 


Full range 


1.1 


V n Equivalent input noise voltage 


f = 10 Hz 


25°C 


18 


nV/Vfiz 


f = 1 kHz 


25°C 


8 


V|g(pp) Peak-to-peak equivalent input noise voltage 


f - 0.1 to 1 Hz 


25°C 


0.5 


uV 


f = 0.1 to 10 Hz 


25°C 


0.7 


l n Equivalent input noise current 




25°C 


0.6 


fA/VHz 


Gain-bandwidth product 


f = 10 kHz, R|_ = 10k£2, 
C L = 100 pF 


25"C 


1.9 


MHz 


*m Phase margin at unity gain 


R L = 10 kU, C L = 100 pF 


25°C 


47 





•On products compliant to MIL-STD-883, Class B, this parameter is not production-tested. 
f Full range is -55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T^ = 1 50°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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electrical characteristics at specified free-air temperature, Vqd = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


TA f 


TLC2202AM 


TLC2202BM 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


V|0 


Input offset voltage 




25°C 




80 


500 




80 


500 


uV 




Full range 


750 


750 


«VIO 


Temperature coefficient 
of input offset voltage 




- 55"C to 
125°C 


0.5 


0.5 


|iV/°C 


Input offset voltage 
long-term drift (see Note 4) 


Vir = 0, Rc = 50 £2 


25°C 




0.001 


0.005* 




0.001 


0.005* 


uV/mo 


'10 


llipUl UnooL UUMcl u 




25°C 


0.5 


0.5 


pA 




Full range 


500 


500 


lin 

'IB 


InrMit KiaQ fiirrpnt 
iiipui uiao uui i ci ii 




25 C 


1 


1 


pA 




Full range 


500 


500 


V ICR 


Common-mode input 
voltage range 


R s = 50 n 


Full range 



to 

2.7 



to 
2.7 


V 


V H 


Maximum high-level 


R[_ = 10kn 


25°C 


4.7 


4.8 




4.7 


4.8 




V 


output voltage 


Full range 


4.7 


4.7 


vol 


Maximum low-level 


l = 


25°C 







50 







50 


mV 


output voltage 


Full range 


50 


50 






V = 1 V to 4 V, 


25°C 


150 


315 




150 


315 






A VD 


Large-signal differential 


R|_ = 500 k£J 


Full range 


75 


75 


V/mV 


voltage amplification 


V = 1 V to 4 V, 


25°C 


25 


55 




25 


55 








R L = 10k£i 


Full range 


10 


10 




CMRR 


Common-mode 


V IC " V ICR min . 


25°C 


75 


110 




75 


110 




dB 


rejection ratio 


R s = 50 n 


Full range 


75 


75 


k SVR 


Supply-voltage rejection 


V DD = 4.6 V to 16 V 


25°C 


80 


110 




80 


110 




dB 


ratio (AVqq / AV|q) 


Full range 


80 


80 


'dd 


Supply current 


V - 2.5 V, No load 


25°C 




1.7 


2.4 




1.7 


2.4 


mA 


Full range 


2.4 


2.4 



operating characteristics at specified free-air temperature, Vqd = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLC2202AM 


TLC2202BM 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate 

at unity gain 


V = 0.5 V to 2.5 V, 
R L = 10k£2, 
C|_ = 100 pF 


25°C 


1.8 2.5 


1.8 2.5 


V/us 


Full range 


1.1 


1.1 


Equivalent input noise 
voltage (see Note 5) 


f = 10 Hz 


25°C 


18 35* 


18 25* 


nV/VHz 


f = 1 kHz 


25°C 


8 15* 


8 12* 


Peak-to-peak equivalent 
' ' input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.5 


0.5 


uV 


f = 0.1 to 10 Hz 


25"C 


0.7 


0.7 


l n Equivalent input noise current 




25°C 


0.6 


0.6 


fA/VRz 


Gain-bandwidth product 


f = 10 kHz, 
R L = 10 k£2, 
C L = 100 pF 


25°C 


1.9 


1.9 


MHz 


0m Phase margin at unity gain 


R|_ = 10 k£J, 
C L = 100 pF 


25°C 


47° 


47° 





"On products compliant to MIL-STO-883, Class B, this parameter is not production-tested. 
f Full range is -55°C to 125°C. 

NOTES: 4. Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test atT^ = 1 50°C extrapolated 
to = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
5. This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, 
please contact the factory. This statement has no bearing on testing or nontesting of other parameters. 
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PARAMETER MEASUREMENT INFORMATION 



100 a 





Figure 1 . Noise Voltage Test Circuit 



NOTE A: C|_ includes fixture capacitance. 

Figure 2. Phase Margin Test Circuit 




NOTE A: C|_ includes fixture capacitance. 



Figure 3. Slew Rate Test Circuit Figure 4. Input Bias and Offset 

Current Test Circuit 

typical values 

Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 

input bias and offset current 

At the picoamp bias current level typical of the TLC2202, TLC2202A, and TLC2202B, accurate measurement 
of the bias current becomes difficult. Not only does this measurement require a picoammeter, but test socket 
leakages can easily exceed the actual device bias currents. To measure these small currents, Texas 
Instruments uses a two-step process. The socket leakage is measured using picoammeters with bias voltages 
applied but with no device in the socket. The device is then inserted in the socket and a second test measuring 
both the socket leakage and the device input bias current is performed. The two measurements are then 
subtracted algebraically to determine the bias current of the device. 

noise 

Texas Instruments offers automated production noise testing to meet individual applications requirements. 
Noise voltage at f = 10 Hz and f = 1 kHz is 100% tested on every TLC2202B device, while lot sample testing 
is performed on the TLC2202A. For other noise test requirements, please contact the factory. 
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TYPICAL CHARACTERISTICS 

table of graphs 
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TYPICAL CHARACTERISTICS* 



TLC2202 
DISTRIBUTION OF 
INPUT OFFSET VOLTAGE 



-1000 



1726 Amplifiers tested from 1 wafer lot 
V D D± = ±15 V- 
T A = 25°C 
P Package 
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Figure 5 
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Figure 6 

MAXIMUM POSITIVE PEAK 
OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 







vdd 

T A = 


l 

+ = ±5V 
25°C 











































1 2 3 

|l0l - Output Current - mA 

Figure 8 



T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Figure 11 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREQUENCY 




10 k 30 k 100 k 300 k 

f - Frequency - Hz 

Figure 12 



1 M 



t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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HIGH-LEVEL OUTPUT VOLTAGE 

vs 

HIGH-LEVEL OUTPUT CURRENT 
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Figure 15 
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Figure 16 



t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
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vs 
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"•"Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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COMMON-MODE REJECTION RATIO 

vs 
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Figure 24 



^Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Figure 25 
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Figure 26 
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Figure 27 
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TLC2202, TLC2202A, TLC2202B 

Advanced LinCMOS™ LOW-NOISE PRECISION 

DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 
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Figure 29 
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Figure 30 
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NOISE VOLTAGE 
(REFERRED TO INPUT) 
OVER A 10-SECOND INTERVAL 



V DD± = ±5V 
f = 0.1 to 10 Hz 
T A = 25°C 




Figure 31 



Figure 32 



tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2202, TLC2202A, TLC2202B 
Advanced LinCMOS™ LOW-NOISE PRECISION 
DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 
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Figure 33 
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Figure 34 




T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2202, TLC2202A, TLC2202B 

Advanced LinCMOS™ LOW-NOISE PRECISION 

DUAL OPERATIONAL AMPLIFIERS 



TYPICAL APPLICATION DATA 

latchup avoidance 

Because CMOS devices are susceptible to latchup due to their inherent parasitic thyristors, the TLC2202, 
TLC2202A, and TLC2202B inputs and outputs are designed to withstand -100-mA surge currents without 
sustaining latchup; however, techniques reducing the chance of latchup should be used whenever possible. 
Internal protection diodes should not be forward biased in normal operation. Applied input and output voltages 
should not exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive 
coupling on pulse generators. Supply transients should be shunted by the use of decoupling capacitors (0.1 u.F 
typical) located across the supply rails as close to the device as possible. 

electrostatic discharge protection 

These devices use internal ESD protection circuits that prevent functional failures at voltages at or below 
2000 V. Care should be exercised in handling these devices as exposure to ESD may result in degradation 
of the device parametric performance. 
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TLC5502-5 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



D3638, JANUARY 1991 



LinEPIC" 1-um CMOS Process 

8-Bit Resolution 

Linearity Error . . . ±0.4% Max 

Maximum Conversion Rate ... 20 MHz Typ 
...10 MHz Min 

• Analog Input Voltage Range ... V to V cc 

• TTL Digital I/O Level 

• Low Power Consumption ... 150 mW Typ 

• 5-V Single-Supply Operation 

description 

The TLC5502-5 is a low-power ultra-high-speed 
video-band analog-to-digital converter that uses 
the LinEPIC™ CMOS process. It utilizes the full- 
parallel comparison (flash method) for high-speed 
conversion. It converts wide-band analog signals 
(such as a video signal) to a digital signal at a 
sampling rate of dc to 25 MHz. Because of such 
high-speed capability, the TLC5502-5 is suitable 
for digital video applications such as digital TV, 
video processing with a computer, or radar signal 
processing. 

Separate analog and digital supply pins are 
provided to reduce coupling between the 
high-speed digital switching sections and the 
lower-frequency analog signal comparators. This 
pin partitioning minimizes crosstalk and unwanted 
spurious signals. 

The TLC5502-5 is 
from 0°C to 70°C. 



N PACKAGE 
(TOP VIEW) 



DGTL GND1 [ | 

(LSB) D0[ 2 

D1[ 3 

D2[ 4 

D3[ 5 

D4[ 6 

D5[ 7 

D6[ 8 

(MSB) D7[ 9 

CLK[ 10 

DGTL GND2[ 11 




ANLG GND 
DGTL Vppi 
ANLG V DD 
REFB 

ANLG INPUT 
ANLG INPUT 
REFM 
REFT 
ANLG V DD 
DGTL Vqq2 
ANLG GND 



DW PACKAGE 
(TOP VIEW) 



DGTL GND1 [ 


1 U 


24 


] ANLG GND 


(LSB) D0[ 


2 


23 


] DGTLV DD1 


D1[ 


3 


22 


] ANLG Vqd 


D2[ 


4 


21 


] REFB 


D3[ 


5 


20 


] ANLG INPUT 


D4[ 


6 


19 


] ANLG INPUT 


D5[ 




18 


] REFM 


D6[ 


8 


17 


] REFT 


(MSB) D7[ 


9 


16 


] ANLG V DD 


CLK[ 


10 


15 


] DGTL Vqd2 


DGTL GND2[ 


11 


14 


] ANLG GND 


NC[ 


12 


13 


] NC 



NC - No internal connection 



LinEPIC is a trademark of Texas Instruments Incorporated. 
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TLC5502-5 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



functional block diagram 

CLK [>"r T 

ANLG INPUT 1 




operating sequence 




Following the operating sequence above, the rising edge of the clock samples the analog input (sample N) at 
time tu and latches sample N - 1 at the output. Sample N is encoded to eight digital lines on the next falling edge 
of the clock and then the following high clock level latches these eight bits to the outputs (with a delay t d ) and 
acquires sample N + 1 . Conversion is completed in one clock cycle and continues the sequence for the next 
cycle. 
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TLC5502-5 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



equivalents of analog input circuit 



ANALOG INPUT 



REFT 

ANLG 
INPUT 



REFB 



ANLG 

vcc 















Sample 
and 
Hold 

Circuit 






> mRt 


C 






: (256-m)R 



ANLG 
GND 



SAMPLE AND HOLD 

S H 



ANLG INPUT 



mRt 

REFT VW-* 



(256-m)R 



REFB 



OUT1 



OUT 2 



t m = comparator position along the resistor string. 



V ref ' = V ref 



256 J 



equivalent of digital input circuit 
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TLC5502-5 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



FUNCTION TABLE 



STEP 


ANALUu INPUT 




DIGITAL OUTPUT 






VOLT AGE I 








CODE 











0.000 V 


L 


L 


L 


L L 


L 


L 


L 


1 


0.019 V 


L 


L 


L 


L L 


L 


L 


H 


■ 
■ 
■ 


■ 

■ 
■ 








■ 
■ 
■ 








127 


2.413 V 


L 


H 


H 


H H 


H 


H 


H 


128 


2.432 V 


H 


L 


L 


L L 


L 


L 


L 


129 


2.451 V 


H 


L 


L 


L L 


L 


L 


H 


■ 


■ 








■ 








254 


4.826 V 


H 


H 


H 


H H 


H 


H 


L 


255 


4.845 V 


H 


H 


H 


H H 


H 


H 


H 



t These values are based on the assumption that V re fB and V re fr 
have been adjusted so that the voltage at the transition from digital 

to 1 (Vzj) is V and the transition to full scale (Vpj) is 4.8545 V. 

1 LSB = 19 mV. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage range, ANLG Vqd (see Note 1) -0.5Vto7V 

Supply voltage range, DGTL V DD -0.5 V to 7 V 

Input voltage range at digital input, V| - 0.5 V to 7 V 

Input voltage range at analog input, V| - 0.5 V to ANLG Vqd + 0-5 V 

Analog reference voltage range, V re f - 0.5 Vto ANLG Vqq + 0.5 V 

Operating free-air temperature range, Ta 0°C to 70°C 

Storage temperature range - 55°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds 260°C 

NOTE 1: Voltages at analog inputs and ANLG Vqq are with respect to the ANLG GND terminals. Voltages at the digital outputs and DGTL Vqd 
are with respect to the DGTL GND terminals. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, ANLG Vdd 


4.75 5 5.25 


V 


Supply voltage, DGTL Vqq 


4.75 5 5.25 


V 


High-level input voltage, V|n 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


Input voltage at analog input, V| 


5 


V 


Analog reference voltage (top side), V re n" 


ANLG 

vdd 


V 


Analog reference voltage (bottom side), V re fB 





V 


Differential reference voltage, V re fr - V re fB 


5 


V 


High-level output current, Ioh 


-400 


|iA 


Low-level output current, Iql 


4 


mA 


Clock pulse duration, high-level or low-level, t w n ort w |_ 


50 


ns 


Operating free-air temperature, T/\, 


70 


°C 
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TLC5502-5 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



electrical characteristics over operating supply voltage range, = 25°C (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


V H 


High-level output voltage 


Iqh =-400 (iA 


2.4 


V 


vol 


Low-level output voltage 


Iql = 4 mA 


0.4 


V 


l| Analog input current 


V| = to 5 V, f C lock = 10 MHz 


±0.5 


mA 


l|H 


Digitial high-level input current 


V| = 5 V 


1 


uA 


IlL 


Digital low-level input current 


V|=0 


- 1 


1<A 


'refB 


Reference current 


VrefB = V 


-10 


-20 


mA 


!refT 


Reference current 


VrefT = 5V 


10 


20 


mA 


q 


Analog input capacitance 




50 


PF 


ice 


Supply current 


fclock = 8 MHz 


30 


60 


mA 


operating characteristics over operating supply voltage range, = 25°C (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYP 


MAX 


UNIT 


'max 


Maximum conversion rate 




10 20 


MHz 


ED 


Linearity error, differential 


V| = V to 5 V 


±0.1 


±0.2 


%FSR 


El 


Linearity error, best straight line 


V| = V to 5 V 


±0.4 


%FSR 


SNRt 


Signal to noise ratio 


fclock = 9 9 MHz . 


-50 


dB 


THD 


Total harmonic distortion 


'analoq = 97 kHz > BW = 5MHz 


51 


dB 


BW 


Analog input bandwidth (3 dB) 


'clock = 1 ° MHz 


5 


MHz 


<d 


Digital output delay time 


C L =15pF 


10 


30 


ns 



t SNR is total noise without THD. 



timing diagram 

\* t w H — t wL >| 



— — ' Sample ' '\ Sample ' ' Sample ^— 
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TLC5502-5 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



TYPICAL CHARACTERISTICS 



IDEAL CONVERSION CHARACTERISTICS 




00000001 
00000000 



odd c\i csj csj ^^"*f<» 

V|-Analog Input Voltage-V 

NOTE 1 : This curve is based on the assumption that V re fB and V re fr have been adjusted so that the voltage at the transition from digital to 1 
(Vzt) is and the transition to full scale (Vpy) is 4.8545 V. 1 LSB = 19 mV. 



Figure 1 



PARAMETER MEASUREMENT INFORMATION 



MEASUREMENT 
POINT 



TO 

DIGITAL ♦ 



(D5) 



OUTPUT 



C L = 15 pF 



m 



vcc 



R L = 2 k£2 



Figure 2. Load Circuit 
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TLC5502-5 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



APPLICATIONS INFORMATION 

The following design recommendations will benefit the TLC5502 user: 

1 . External analog and digital circuitry should be physically separated and shielded as much as possible to 
reduce system noise. 

2. RF breadboarding or PCB techniques should be used throughout the evaluation and production process. 
Breadboards should be copper clad for bench evaluation. 

3. Since the ANLG GND, DGTL GND1 , and DGTL GND2 are not connected internally, these pins need to be 
connected externally. With breadboards, these ground lines should be connected through separate leads 
with proper supply bypassing. A good method is to use separate twisted-pair cables for the supply lines to 
minimize noise pickup. An analog and digital ground plane should be used on PCB layouts. 

4. Since the ANLG V D d, DGTL V DD i , and DGTL Vd D2 are not connected internally, these pins also need to 
be connected externally. To connect ANLG Vqd. DVqdi , and DVdd2> a 50 ~& resistor should be placed in 
series with the DGTL V DD i pin and then a 0.1 -\iF capacitor to ground before being connected to the 
ANLG V DD and DGTL DV DD2 supply. 

5. ANLG V DD to ANLG GND, DV DD1 to DGTL GND1 , and DV DD2 to DGTL GND2 should be decoupled with 
1-M-F and 0.01 -nF capacitors, respectively, as close as possible to the appropriate device pins. A ceramic 
chip capacitor is recommended for the 0.01 -piF capacitor. Care should be exercised to assure a solid noise 
free ground connection for the analog and digital grounds. 

6. The no connection (NC) pins on the small-outline package should be connected to ground. 

7. ANLG V DD , ANLG GND, and the ANLG INPUT pins should be shielded from the higher-frequency pins, CLK 
and D0-D7. If possible, ANLG GND traces should be placed on both sides of the ANLG INPUT traces on 
the PCB. 

8. In testing or application of the device, the resistance of the driving source connected to the analog input 
should be 1 Q or less within the analog frequency range of interest. 



, Texas ^ 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



89 



90 



TLC5503-2 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



D3739. FEBRUARY 1991 



LinEPIC™ 1-u.m CMOS Process 
8-Bit Resolution 

Differential Linearity Error . . . ±0.4% Max 

Maximum Conversion Rate ... 25 MHz Typ 
... 20 MHz Min 

• Analog Input Voltage Range ... 3 V to V cc 

• TTL Digital I/O Level 

• Low Power Consumption ... 190 mW Typ 

• 5-V Single-Supply Operation 

description 



N PACKAGE 
(TOP VIEW) 

DGTL GND1 [ j ^ 
(LSB) D0[ 2 
D1[ 3 



D2[ 4 
D3[ 5 
D4[ 6 
D5[ 7 
D6[ 8 
(MSB) D7[ 9 
CLK[ 10 
DGTL GND2[ 11 



22 ] 
21 ] 
20 ] 
19] 
18] 
17] 
16] 
15] 
14] 
13] 
12] 



ANLG GND 
DGTL V DD 1 
ANLG V DD 
REFB 

ANLG INPUT 
ANLG INPUT 
REFM 
REFT 
ANLG V DD 
DGTL V DD 2 
ANLG GND 



The TLC5503-2 is a low-power ultra-high-speed 
video-band analog-to-digital converter 
manufactured using the LinEPIC" CMOS 
process. It uses full-parallel comparison (flash 
method) for high-speed conversion of a wide-band 
analog signal (such as a video signal) to a digital 
signal at a sampling rate of dc to 25 MHz. Its 
high-speed capability makes the TLC5503-2 
suitable for digital video applications such as 
digital TV, video processing with a computer, or 
radar signal processing. 

Separate analog and digital supply pins are 
provided to reduce coupling between the high- 
speed digital switching sections and the lower- 
frequency analog signal comparators. This pin 
partitioning minimizes crosstalk and spurious 
signals. The two analog inputs (pins 17 and 18 on 
the N package; pins 19 and 20 on the DW 
package) should be connected together externally, 
package) can be used to adjust for small 
midpoint voltage. 

The TLC5503-2 is characterized for operation from 0°C to 70°C. 



DW PACKAGE 
(TOP VIEW) 



1 u 


24 


] ANLG GND 


2 


23 


]DGTLV DD 1 


3 


22 


] ANLG V DD 


4 


21 


] REFB 


5 


20 


] ANLG INPUT 


6 


19 


] ANLG INPUT 




18 


] REFM 


8 


17 


] REFT 


9 


16 


] ANLG V DD 


10 


15 


]DGTLV DD 2 


11 


14 


] ANLG GND 


12 


13 


] NC 



NC - No internal connection 

The REFM input (pin 1 6 on the N package; pin 1 8 on the DW 
in the resistor voltage divider by applying an external 



LinEPIC is a registered trademark of Texas Instruments Incorporated. 
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TLC5503-2 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



— 



functional block diagram 



ANLG INPUT 
REFT 




1 v 1 




EN 














255-to-8 
Encoder 




Latch 
and 




Buffer 



























D7 (MSB) 

D6 

DS 

D4 

D3 

D2 

D1 

DO (LSB) 



operating sequence 



CLK 



Analog 
Input 



D0-D7 



Encode 
Sample (N+2) 




Following the operating sequence above, the rising edge of the clock samples the analog input (sample N) at 
time tM and latches sample N - 1 at the output (with a delay t^). Sample N is encoded to eight digital lines on the 
next falling edge of the clock and then the following high clock level latches these eight bits to the outputs (with 
a delay t^) and acquires sample N + 1 . Conversion is completed in one clock cycle and continues the sequence 
for the next cycle. 
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TLC5503-2 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



equivalents of analog input circuit 







ANALOG INPUT 



REFT 

ANLG 
INPUT 



REFB 



ANLG 

vcc 













Sample 
and 
Hold 

Circuit 






I mRt 
! Vref' * 


C 








; (256-m)R 



ANLG 
GND 



SAMPLE AND HOLD 

S H 



ANLG INPUT 



mRt 

REFT WV* 



. (256-m)R 



f 



REFB 



OUT1 



OUT 2 



t m = comparator position along the resistor string. 
* V ref ' = [V refr - V refB ] 1 - ^ 



+ v refB 



equivalent of digital input circuit 
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TLC5503-2 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



FUNCTION TABLE 



STEP 


ANALOG INPUT 
VOI TARET 


DIGITAL OUTPUT 
CODE 





2.960 V 


L 


L 


L 


L L 


L 


L 


L 


1 


2.968 V 


L 


L 


L 


L L 


L 


L 


H 


■ 
■ 


■ 

■ 








■ 








■ 


■ 








■ 








127 


3.976 V 


L 


H 


H 


H H 


H 


H 


H 


128 


3.984 V 


H 


L 


L 


L L 


L 


L 


L 


129 


3.992 V 


H 


L 


L 


L L 


L 


L 


H 


■ 


■ 








■ 








■ 


■ 








■ 








■ 


■ 








■ 








254 


4.992 V 


H 


H 


H 


H H 


H 


H 


L 


255 


5.000 V 


H 


H 


H 


H H 


H 


H 


H 



t These values are based on the assumption that V re fe and V re fj 
have been adjusted so that the voltage at the transition from digital 



to 1 (yzj) is 2-964 V and the transition to full scale (Vr-) is 
4.996 V. 1 LSB - 8 mV. 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage range, ANLG V DD (see Note 1 ) - 0.5 V to 7 V 

Supply voltage range, DGTL V DD - 0.5 V to 7 V 

Input voltage range at digital input, V| -0.5Vto7V 

Input voltage range at analog input, V| - 0.5 V to ANLG Vqd + 0.5 V 

Analog reference voltage range, V re f - 0.5 Vto ANLG Vqd + 0.5 V 

Operating free-air temperature range, T/\ 0°C to 70°C 

Storage temperature range - 55°C to 1 50°C 

Lead temperature 1,6mm (1/16 inch) from case for 10 seconds 260°C 

NOTE 1 : Voltages at analog inputs and ANLG V DD are with respect to the ANLG GND terminals. Voltages at the digital outputs and DGTL V DD 
are with respect to the DGTL GND terminals. 



recommended operating conditions 





MIN NOM MAX 


UNIT 


Supply voltage, ANLG Vqd 


4.75 5 5.25 


V 


Supply voltage, DGTL Vqd 


4.75 5 5.25 


V 


High-level input voltage, Vm 


2 


V 


Low-level input voltage, V||_ 


0.8 


V 


Input voltage at analog input, V| 


3 5 


V 


Analog reference voltage {top side), V re f[- 


ANLG 
VDD 


V 


Analog reference voltage (bottom side), V re fB 


2.5 3 


V 


Differential reference voltage, V re ff - V re fg 


2 


V 


High-level output current, Iqh 


- 400 


uA 


Low-level output current, Iol 


4 


mA 


Clock pulse duration, high-level or low-level, i w h ort w )_ 


25 


ns 


Operating free-air temperature, Ta 


70 


°C 
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TLC5503-2 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



electrical characteristics over operating supply voltage range, = 25 c (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


v OH High-level output voltage 


IOH=- 4 00uA 


2.4 


V 


Vql Low-level output voltage 


lOL = 4 fA 


0.4 


V 


l| Analog input current 


V|=3to5V, f c | 0ck = 15MHz 


±0.3 


mA 


l|H Digitial high-level input current 


V| = 5 V 


1 


uA 


l|L Digital low-level input current 


V| =0 


-1 


uA 


'refB Reference current 


VrefB = 3 V 


-12 -20 


mA 


l re fX Reference current 


V refT = 5V 


12 20 


mA 


Cj Analog input capacitance 




50 


PF 


ICC Supply current 


'clock = 15 MHz 


37 60 


mA 


operating characteristics over operating supply voltage range, = 25°C (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


'max Maximum conversion rate 




20 25 


MHz 


Eq Linearity error, differential 


V| = 3 V to 5 V 


±0.4 


%FSR 


El Linearity error, best straight line 


V| = 3 V to 5 V 


±0.4 


%FSR 


Gdjff Differential gain 


NTSC 40-IRE modulated ramp, 
'clock = 14.4 MHz 


0.9% 




♦diff Differential phase 


0.6° 




SNRt Signal to noise ratio 


'clock = 1 6.4 MHz, f ana | g = 1 .248 MHz (90% P-P), 
BW = 8.2 MHz 


48 


dB 


THD Total harmonic distortion 


-50 


dB 


t(j Digital output dalay time 


C L = 15pF 


10 30 


ns 



t SNR does not include THD. 



timing diagram 
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TLC5503-2 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



TYPICAL CHARACTERISTICS 

IDEAL CONVERSION CHARACTERISTICS 
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cmimcjcm rtriri •» >t >r in 

V|-Analog Input Voltage-V 

NOTE A: This curve is based on the assumption that V re fB and V re rr have been adjusted so that the voltage at the transition from digital to 1 
(Vzt) is 2.964 V and the transition to full scale (Vpj) is 4.996 V. 1 LSB = 8 mV. 

Figure 1 



PARAMETER MEASUREMENT INFORMATION 

vcc 



MEASUREMENT 
POINT 



(D5) 



TO 

DIGITAL •«- 
OUTPUT 



Ci_ = 15pF 



m 



R[_ = 2 kQ 



Figure 2. Load Circuit 
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TLC5503-2 

8-BIT ANALOG-TO-DIGITAL CONVERTER 



APPLICATION INFORMATION 

The following design recommendations will benefit the TLC5503 user: 

1 . External analog and digital circuitry should be physically separated and shielded as much as possible to 
reduce system noise. 

2. RF breadboarding or PCB techniques should be used throughout the evaluation and production process. 
Breadboards should be copper clad for bench evaluation. 

3. Since the ANLG GND, DGTL GND1 , and DGTL GND2 are not connected internally, these pins need to be 
connected externally. With breadboards, these ground lines should be connected through separate leads 
with proper supply bypassing. A good method is to use separate twisted-pair cables for the supply lines to 
minimize noise pickup. An analog and digital ground plane should be used on PCB layouts. 

4. Since the ANLG Vqq, DGTL Vdd1 . and DGTL Vdd2, are not connected internally, these pins also need 
to be connected externally. To connection ANLG Vqq to DVdqI or DVqq2, a 50-Q resistor should be placed 
in series with the DGTL Vqd1 pin and then a 0.1 -liF capacitor to ground before being connected to the 
ANLG V DD , and DGTL DV DD 2 supply. 

5. ANLG V DD to ANLG GND, DV DD 1 to DGTL GND1 , and DV DD 2 to DGTL GND2 should be decoupled with 
^-\^F and 0.01 -|xF capacitors, respectively, as close as possible to the appropriate device pins. A ceramic 
chip capacitor is recommended for the 0.01 -liF capacitor. Care should be exercised to assure a solid 
noise-free ground connection for the analog and digital grounds. 

6. The no connection (NC) pins on the small-outline package should be connected to ground. 

7. ANLG Vqq, ANLG GND, and the ANLG INPUT pins should be shielded from the higher-frequency pins, CLK 
and D0-D7. If possible, ANLG GND traces should be placed on both sides of the ANLG INPUT traces on 
the PCB. 

8. In testing or application of the device, the resistance of the driving source connected to the analog input 
should be 10 Q or less within the analog frequency range of interest. 
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■ TLE2021, TLE2021A, TLE2021B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 

D3197. FEBRUARY 1989 - REVISED FEBRUARY 1991 

I available features 
I • Supply Current ... 230 nA Max 
I • High Unity-Gain Bandwidth ... 2 MHz Typ 
! • High Slew Rate . . . 0.45 V/jis Min 

• Supply Current Change Over Military Temp 
Range ... 10 uATyp 

• Specified for Both 5-V Single-Supply and 
±15 V Operation 

• Phase-Reversal Protection 

description 

The TLE2021, TLE2021A, and TLE2021B 
devices are precision, high-speed, low-power 
operational amplifiers using a new Texas 
Instruments patent-pending Excalibur process. 
These devices combine the best features of the 
OP21 with highly improved slew rate and unity- 
gain bandwidth. 

The complementary bipolar Excalibur process 
utilizes isolated vertical P-N-P transistors that 
yield dramatic improvement in unity-gain 
bandwidth and slew rate over similar devices. 

The addition of a patent-pending bias circuit in 
conjunction with this process results in extremely 
stable parameters with both time and 
temperature. This means that a "precision" 
device remains a precision device even with 
changes in temperature and over years of use. 

This combination of excellent dc performance 
with a common-mode input voltage range that 



AVAILABLE OPTIONS 





V|q max 
AT 25*C 


PACKAGE 


SMALL- 
OUTLINE 
(D) 


CHIP 
CARRIER 
(FK) 


CERAMIC 
DIP 
(JG) 


METAL 
CAN 
(L) 


PLASTIC 
DIP 
(P) 


0°C 
to 
70°C 


200 uV 
500 uV 


TLE2021ACD 
TLE2021CD 






TLE2021CL 


TLE2021ACP 
TLE2021CP 


-r40°C 

to 
85°C 


200 uV 
500 uV 


TLE2021AID 
TLE2021ID 






TLE2021AIL 
TLE2021IL 


TLE2021AIP 
TLE2021IP 


-55°C 

to 
125°C 


100 uV 
200 uV 
500 uV 


TLE2021AMD 
TLE2021MD 


TLE2021AMFK 
TLE2021MFK 


TLE2021BMJG 
TLE2021AMJG 
TLE2021MJG 


TLE2021BML 
TLE2021AML 
TLE2021ML 


TLE2021AMP 
TLE2021MP 



D packages are available taped and reeled. Add "R" suffix to device type, (e.g.,TLE2021 ACDR). 



• High Open-Loop Gain ... 6.5 V7u.V 
(136 dB) Typ 

• Low Offset Voltage ... 100 jiV Max 

• Offset Voltage Drift With Time . . . 
0.005 jiV/mo Typ 

• Low Input Bias current ... 50 nA Max 

• Low Noise Voltage ... 19 nVrVfiz typ 



LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 
vs 

FREQUENCY 




10 100 1k 10 k 100 k 1M 10 M 



f- Frequency -Hz 



PRODUCTION DATA documsnls contain Information currant at ol m Copyright © 1 991 . Texas Instruments Incorporated 

publication data. Products conform tospacilicaliunapnrthatarrnsotTaiis 
Inttrumanlt standard warranty. Production pracaasing doos not 
arlly includa tasting ol all paramatars. 
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TLE2021, TLE2021A, TLE2021B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 



description (continued) 

includes the negative rail makes these devices the ideal choice for low-level signal conditioning applications 
in either single supply or split-supply configurations. In addition, these devices offer phase-reversal protection 
circuitry that eliminates an unexpected change in output states when one of the inputs goes below the negative 
supply rail. 

A variety of available options includes small-outline and chip carrier versions for high-density systems 
applications. 

The C-suffix devices are characterized for operation from 0°C to 70°C. The l-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 

D, JG, or P PACKAGE FK PACKAGE L PACKAGE 



(TOP VIEW) 



(TOP VIEW) 



(TOP VIEW) 



OFFSET N1 [l U»] NC 

IN-H2 7]V CC + 
IN + [ 3 6 ] OUT 

Vcc -'GND [ 4 5 ] OFFSET N2 



NC ]4 
IN- ]5 

NC ]6 
IN+ J7 

NC ]a 



0^000 
z z z z z 
LJLJI— II— IL_I 

3 2 1 20 19 



18 [ NC 

17 [ v cc + 

16 [ NC 

15 [ OUT 

14 [ NC 




NC 



Vcc-'GND 



9 10 11 12 13 



Pin 4 of the L package is in electrical 
contact with the case. 




NC - No internal connection 
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TLE2021, TLE2021A, TLE2021B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 
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TLE2021, TLE2021A, TLE2021B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vcc+ (see Note 1) 20 V 

Supply voltage, Vqc~ ( see Nole 1 ) ~ 20 v 

Differential input voltage (see Note 2) ±0.6V 

Input voltage range, V| (any input, see Note 1) ±V CC 

Input current, l| (each input) ±1 mA 

Output current, l Q ±20 m A 

Total current into Vcc+ terminal 20 mA 

Total current out of V C q_ terminal 20 mA 

Duration of short-circuit current at (or below) 25°C (see Note 3) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : C-suffix 0°C to 70°C 

l-suffix -40°C to 85°C 

M-suffix -55°C to 125°C 

Storage temperature range -65°C to 150°C 

Case temperature for 60 seconds: FK package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package 300°C 



NOTES: 1 . All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and V CC - ■ 

2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if a differential input 
voltage in excess of approximately ± 600 mV is applied between the inputs unless some limiting resistance is used. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25-C 


DERATING FACTOR 


T A = 70°C 


T A = 85»C 


T A = 125°C 


POWER RATING 


ABOVE T A = 25"C 


POWER RATING 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


377 mW 


145 mW 


FK 


1375 mW 


11.0 mW/°C 


880 mW 


715 mW 


275 mW 


JG 


1050 mW 


8.4 mW/"C 


672 mW 


546 mW 


210 mW 


L 


650 mW 


5.2 mW/°C 


416 mW 


338 mW 


130 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 


520 mW 


200 mW 



recommended operating conditions 





C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 


MIN NOM MAX 


MIN NOM MAX 


MIN NOM MAX 


Supply voltage, Vcc 


±2 ±20 


±2 ±20 


±2 ±20 


V 


Common-mode input voltage, V|c 


V CC = 5V 


3.5 


3.2 


32 


V 


V CC± = ±15 V 


-15 13.5 


-15 13.2 


-15 13.2 


Operating free-air temperature, T A 


70 


-40 85 


-55 125 
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electrical characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


M 


TLE2021 


TLE2021A 


TLE2021 B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 




25°C 




120 


600 




100 


300 




80 


200 


|tV 




Full range 


850 


600 


300 


°VIO 


Temperature coefficient of 
input offset voltage 




Full range 


2 


2 


2 


u.V/°C 


Input offset voltage long-term 
drift (see Note 4) 


V| C =0, R s = 50 £1 


25°C 


0.005 


0.005 


0.005 


U.V/ITIO 


lin 


Input offset current 




25°C 




0.2 


3 




0.2 


3 




0.2 


3 


nA 




Full range 


3 


3 


3 


>IB 


Input bias current 




25°C 




25 


50 




25 


50 




25 


50 


nA 




Full range 


50 


50 


50 













-0.3 







-0.3 







-0.3 












25°C 


to 


to 




to 


to 




to 


to 






V ICR 


Common-mode input 


R s = 50 £1 




3.5 


4 




3.5 


4 




3.5 


4 




V 


voltage range 


Full range 



to 

3.5 







to 

3.5 







to 
3.5 






VOH 


High-level output voltage 




25°C 


4 


4.3 




4 


4.3 




4 


4.3 




V 


R|_ = 10 kQ 


Full range 


3.9 


3.9 


3.9 


vol 


Low-level output voltage 


25°C 




0.7 


0.8 




0.7 


0.8 




0.7 


0.8 


V 




Full range 


0.85 


0.85 


0.85 


Avd 


Large-signal differential 


V Q = 1.4 V to 4 V, R|_ = 10 kn 


25°C 


0.3 


1.5 




0.3 


1.5 




0.3 


1.5 




V/U.V 


voltage amplification 


Full range 


0.3 


0.3 


0.3 


CMRR 


Common-mode 


V IC = V ICR H**i R S = 50 £2 


25°C 


85 


110 




85 


110 




85 


110 




dB 


rejection ratio 


Full range 


80 


80 


80 


k SVR 


Supply-voltage rejection 


Vqc - 5Vto30V 


25°C 


105 


120 




105 


120 




105 


120 




dB 


ratk>(AV cc /AV| ) 


Full range 


100 


100 


100 


!CC 


Supply current 




25°C 




170 


230 




170 


230 




170 


230 




Vq = 2.5 V, No load 


Full range 


230 


230 


230 


Alec 


Supply current change over 
operating temperature range 


Full range 


5 


5 


5 


uA 



♦Full range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life testatTA= 150°C extrapolated to Ta = 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 



electrical characteristics at specified free-air temperature, Vrjc ± = ± 15 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


TA 1 


TLE2021 


TLE2021A 


TLE2021 B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 




25°C 




120 


500 




80 


200 




40 


100 


uV 




Full range 


750 


500 


200 


a VIO 


Temperature coefficient of 
input offset voltage 




Full range 


2 


2 


2 


uV/°C 


Input offset voltage long-term 
drift (see Note 4) 


V| C =0, R S = 50 n 


25°C 


0.006 


0.006 


0.006 


u.V/mo 


to 


Input offset current 




25°C 




0.2 


3 




0,2 


3 




0.2 


3 


nA 




Full range 


3 


3 


3 


to 


Input bias current 




25°C 




25 


50 




25 


50 




25 


50 


nA 




Full range 


50 


50 


50 










-15 


- 15.3 




-15 


-15.3 




- 15 


-15.3 












25°C 


to 


to 




to 


to 




to 


to 






VlCR 


Common-mode input 


R s = 50 £1 




13.5 


14 




13.5 


14 




13.5 


14 




V 


voltage range 


Full range 


-15 
to 
13.5 






-15 
to 
13.5 






- 15 
to 
13.5 






v OM + 


Maximum positive peak 




25°C 


14 


14.3 




14 


14.3 




14 


14.3 




V 


output voltage swing 


R L = 10 kn 


Full range 


13.9 


13.9 


13.9 


v OM- 


Maximum negative peak 


25°C 


-13.7 


-14.1 




- 13.7 


-14.1 




-13.7 


- 14.1 




V 


output voltage swing 




Full range 


-13.7 


- 13.7 


- 13.7 


AVD 


Large-signal differential 


V = ±10V, R|_ = 10 kfl 


25°C 


1 


6.5 




1 6.5 


1 6.5 


V/uV 


voltage amplification 


Full range 


1 


1 


1 


CMRR 


Common-mode 


V IC ■ V ICR min . R S - 50 a 


25°C 


100 


115 




100 


115 




100 


115 




dB 


rejection ratio 


Full range 


96 


96 


96 


k SVR 


Supply-voltage rejection 


V CC± • ±2.5Vto±15V 


25°C 


105 


120 




105 


120 




105 


120 




dB 


rafo(4V cc± /AV| ) 


Full range 


100 


100 


100 


!CC 


Supply current 




25°C 




200 


300 




200 


300 




200 


300 


uA 


Vq - 0, No load 


Full range 


300 


300 


300 


A| CC 


Supply current change over 
operating temperature range 


Full range 


6 


6 


6 


uA 



f Full range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test atT^ = 1 50°C extrapolated to T/\ = 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 



electrical characteristics at specified free-air temperature, Vqq = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta+ 
'A 


TLE2021 


TLE2021A 


TLE2021B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Vio 


Input offset voltage 






25°C 




120 


600 




100 


300 




80 


200 


uV 






Full range 


950 


600 


300 


"VIO 


Temperature coefficient of 
input offset voltage 






Full range 


2 


2 


2 


(iV/°C 


Input offset voltage long-term 
drift (see Note 4) 


V IC 


Ro - 50 CI 


25°C 


0.005 


0.005 


0.005 


u.V/mo 


■IO 


Input offset current 






25°C 




0.2 


3 




0.2 


3 




0.2 


3 


nA 






Full range 


4 


4 


4 


'IB 


Input bias current 






25°C 




25 


50 




25 


50 




25 


50 


nA 






Full range 


50 


50 


50 















-0.3 







-0.3 







-0.3 














25°C 


to 


to 




to 


to 




to 


to 






V ICR 


Common-mode input 




son 




3.5 


4 




3.5 


4 




3.5 


4 




v 


voltage range 


Rs = 


Full range 



to 

3.2 







to 

3.2 







to 
3.2 






VOH 


High-level output voltage 






25°C 


4 


4.3 




4 


4.3 




4 


4.3 




V 


R L = 


10 kn 


Full range 


3.9 


3.9 


3.9 


vol 


Low-level output voltage 


25°C 




0.7 


0.8 




-0.7 


0.8 




0,7 


0.8 


V 






Full range 


0.9 


0.9 


0.9 




Large-signal differential 


Vq = 


1.4 V to 4 V, R L = 10 k£l 


25°C 


0.3 


1.5 




0.3 


1.5 




0.3 


1.5 




V/uV 


voltage amplification 


Full range 


0.25 


0.25 


0.25 


CMRR 


Common-mode 


V|C ■ 


V|cr min, Rs = 50 SJ 


25°C 


85 


110 




85 


110 




85 


110 




dB 


rejection ratio 


Full range 


80 


80 


80 


l<SVR 


Supply-voltage rejection 


v C c 


= 5 V to 30 V 


25°C 


105 


120 




105 


120 




105 


120 




dB 


ratio(AVcc/AV|o) 


Full range 


100 


100 


100 


'cc 


Supply current 






25°C 




170 


230 




170 


230 




170 


230 


MA 


Vq = 


2.5 V, No load 


Full range 


230 


230 


230 




Supply current change over 
operating temperature range 


Full range 


6 


6 


6 


uA 



f Full range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T^ = 1 50°C extrapolated to Ta = 25°C using the Arrhenius equation 



and assuming an activation energy of 0.96 eV. 



electrical characteristics at specified free-air temperature, Vqc ± = ± 15 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta* 


TLE2021 


TLE2021A 


TLE2021B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 




25°C 




120 


500 




80 


200 




40 


100 


"V 




Full range 


850 


500 


200 


"VIO 


Temperature coefficient of 
input offset voltage 




Full range 


2 


2 


2 


uV/°C 


Input offset voltage long-term 
drift (see Note 4) 


V|c =0, R s = 50 £5 


25°C 


0.006 


0.006 


0.006 


jiV/mo 


to 


Input offset current 




25°C 




0.2 


3 




0.2 


3 




0.2 


3 


nA 




Full range 


4 


4 


4 


'IB 


Input bias current 




25°C 




25 


50 




25 


50 




25 


50 


nA 




Full range 


50 


50 


50 










-15 


-15.3 




-15 


-15.3 




-15 


- 15.3 












25°C 


to 


to 




to 


to 




to 


to 






VlCR 


Common-mode input 


Rs = 50 n 




13.5 


14 




13.5 


14 




13.5 


14 




V 


voltage range 


Full range 


-15 
to 

13.2 






-15 
to 
13.2 






-15 
to 
13.2 






V M + 


Maximum positive peak 




25°C 


14 


14.3 




14 


14.3 




14 


14.3 




V 


output voltage swing 


R L = 10 kfl 


Full range 


13.9 


13.9 


13.9 


v OM- 


Maximum negative peak 


25°C 


- 13.7 


-14.1 




- 13.7 


- 14 1 






V 


output voltage swing 




Full range 


- 13.6 








AvD 


Large-signal differential 


V D = ±10V, R|_ = 10 k£l 


25°C 


1 


6.5 




1 


6.5 




1 


6.5 




V/uV 


voltage amplification 


Full range 


0.75 


0.75 


0.75 


CMRR 


Common-mode 


V IC ■ V !CR mir| . R S = 50 n 


25-C 


100 


115 




100 


115 




100 


115 




dB 


rejection ratio 


Full range 


96 


96 


96 


k SVR 


Supply-voltage rejection 


V CC± - ±25Vto±15V 


25°C 


105 


120 




105 


120 




105 


120 




dB 


ratio (AVqc + < AV|o) 


Full range 


100 


100 


100 


!CC 


Supply current 




25°C 




200 


300 




200 


300 




200 


300 


uA 


V - 0, No load 


Full range 


300 


300 


300 


A| CC 


Supply current change over 
operating temperature range 


Full range 


7 


7 


7 


uA 



r Full range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T^ ■ 1 50°C extrapolated to Ty\ m 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 



electrical characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2021 


TLE2021A 


TLE2021B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


V|0 


Input offset voltage 






25°C 




120 


600 




100 


300 




80 


200 


M-V 






Full range 


' I00 


600 


300 


°VIO 


Temperature coefficient of 
input offset voltage 






Full range 


2 


2 


2 


u.V/°C 


Input offset voltage long-term 
drift (see Note 4) 


V|C ■ 


0, Rs = son 


25°C 


0.005 


0.005 


0.005 


u.V/mo 


l|0 


Input offset current 






25°C 




0.2 


3 




0.2 


3 




0.2 


3 


nA 






Full range 


5 


5 


5 


111 


Input bias current 






25°C 




25 


50 




25 


50 




25 


50 


nA 






Full range 


50 


50 


50 















-0.3 







-0.3 







-0.3 














25°C 


to 


to 




to 


to 




to 


to 






V ICR 


Common-mode input 




son 




3.5 


4 




3.5 


4 




3.5 


4 




V 


voltage range 


R s = 


Full range 



to 

3.2 







to 

3.2 







to 
3.2 








VOH 


High-level output voltage 






25°C 


4 


4.3 




4 


4.3 




4 


4.3 




V 


R U = 


10 kn 


Full range 


3.8 


3.8 


3.8 




vol 


Low-level output voltage 


25°C 




0.7 


0.8 




0.7 


0.8 




0.7 


0.8 


V 






Full range 


0.95 


0.95 


0.95 




A VD 


Large-signal differential 


vo - 


1.4 V to 4 V, R[_ • 10 kfl 


25°C 


0.3 


1.5 




0.3 


1.5 




0.3 


1.5 




V/uV 


voltage amplification 


Full range 


0.1 


0.1 


0.1 


CMRR 


Common-mode 


VlC ■ 


V|cr min, Rs = 50 n 


25°C 


85 


110 




85 


110 




85 


110 




dB 


rejection ratio 


Full range 


80 


80 


80 


k SVR 


Supply-voltage rejection 


v C c 


. 5 V to 30 V 


25°C 


105 


120 




105 


120 




105 


120 




dB 


ratio (AV CC /AV| ) 


Full range 


100 


100 


100 


! CC 


Supply current 






25-C 




170 


230 




170 


230 




170 


230 


uA 


v - 


2.5 V, No load 


Full range 


230 


230 


230 


Alec 


Supply current change over 
operating temperature range 


Full range 


9 


9 


9 


uA 



♦Full range is - 55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T/\ = 1 50°C extrapolated to T/\ > 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 



electrical characteristics at specified free-air temperature, Vrjc ± = ± 15 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A 1 


TLE2021 


TLE2021A 


TLE2021B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 




25°C 




120 


500 




80 


200 




40 


100 


vsi 




Full range 


1000 


500 


200 


a VIO 


Temperature coefficient of 
input offset voltage 




Full range 


2 


2 


2 


u,V/°C 


Input offset voltage long-term 
drift (see Note 4) 


V| C =0, R s = 50 n 


25°C 


0.006 


0.006 


0.006 


u,V/mo 


l|0 


Input offset current 




25°C 




0.2 


3 




0.2 


3 




0.2 


3 


nA 




Full range 


5 


5 


5 


IB 


Input bias current 




25°C 




25 


50 




25 


50 




25 


50 


nA 




Full range 


50 


50 


50 










-15 


-15.3 




-15 


-15.3 




- 15 


- 15.3 












25°C 


to 


to 




to 


to 




to 


to 






VlCR 


Common-mode input 


R s = 50 £1 




13.5 


14 




13.5 


14 




13.5 


14 




V 


voltage range 


Full range 


-15 
to 
13.2 






-15 
to 

13.2 






- 15 
to 
13.2 






v OM + 


Maximum positive peak 




25°C 


14 


14.3 




14 


14.3 




14 


14.3 




V 


output voltage swing 


R(_ = 10 k£l 


Full range 


13.8 


13.8 


13.8 


v OM- 


Maximum negative peak 


25°C 


- 13.7 


-14.1 




- 13.7 


- 14.1 




- 13.7 


-14.1 




V 


output voltage swing 




Full range 


- 13.6 


- 13.6 


- 13.6 


AVD 


Large-signal differential 


Vq = ±10V, R|_ = 10 kfi 


25°C 


1 6.5 


1 6.5 


1 6.5 


V/jiV 


voltage amplification 


Full range 


0.5 


0.5 


0.5 


CMRR 


Common-mode 


V IC - v ICR min . Rs = 50" 


25"C 


100 


115 




100 


115 




100 


115 




dB 


rejection ratio 


Full range 


96 


96 


96 


k SVR 


Supply-voltage rejection 


V CC± " ±2.5Vto±15V 


25°C 


105 


120 




105 


120 




105 


120 




dB 


ratio (AVqc ± ' <M)0) 


Full range 


100 


100 


100 


ice 


Supply current 




25°C 




200 


300 




200 


300 




200 


300 


HA 


V = 0, No load 


Full range 


300 


300 


300 




Supply current change over 
operating temperature range 


Full range 


10 


10 


10 


uA 



tFullrangeis-SS'Cto 125°C. 

NOTE 4: Typicalvaluesarebasedontheinputoffsetvoltageshiftobservedthrough 168 hours of operating life testatT^ = 150°C extrapolatedtoT^ = 25°CusingtheArrheniusequation 
and assuming an activation energy of 0.96 eV. 



operating characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A 


C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


V = 1 V to 3 V, See Figure 1 


25°C 


0.5 


0.5 


0.5 


V/us 


Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hz 


25°C 


21 50 


21 50 


21 


nV/VHz 


f = 1 kHz 


25°C 


17 30 


17 30 


17 


Peak-to-peak equivalent 
' ' input noise voltage 


f = 0.1 to 1 Hz 


25°C 


16 


0.16 


0.16 


uV 


f = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0.47 


I n Equivalent input noise current 




25°C 


0.09 


0.09 


0.09 


pA/VHz 


Bi Unity-gain bandwidth 


See Figure 3 


25°C 


1.2 


1.2 


1.2 


MHz 


^ m Phase margin at unity gain 


See Figure 3 


25°C 


42° 


42° 


42° 




operating characteristics at specified free-air temperature, Vrjc 


+ = ± 15 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 




C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


Vq = ±10 V, See Figure 1 


25°C 


0.45 0.65 


0.45 0.65 


0.45 0.65 


V/|is 


Full range 


0.45 


0.42 


0.4 


v Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hz 


25°C 


19 50 


19 50 


19 


nV/Vflz 


f = 1 kHz 


25°C 


15 30 


15 30 


15 


Peak-to-peak equivalent 
1 ' input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.16 


0.16 


0.16 


uV 


f = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0.47 


l n Equivalent input noise current 




25°C 


0.09 


0.09 


0.09 


pA/VHz 


Bi Unity-gain bandwidth 


See Figure 3 


25°C 


2 


2 


2 


MHz 


^ m Phase margin at unity gain 


See Figure 3 


25°C 


46° 


46° 


46° 





tFull range is 0°C to 70°C for the C-suffix devices, -40°C to 85°C for the l-suffix devices, and -55°C to 1 25°C for the M-suffix devices. 
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OPERATIONAL AMPLIFIERS 



20 kn 

— w* 



SV 



PARAMETER MEASUREMENT INFORMATION 

20 kn 



30 P F;L 

(see Note A) I 



V 



:20kn 



+ 15 v 



- is v r 

30 pF^ 
(see Note A) I 



VO 



20 kn 



NOTE A: C|_ includes fixture capacitance, 
(a) SINGLE-SUPPLY 



Figure 1. Slew Rate Test Circuit 



(b) SPLIT-SUPPLY 



10 kn 



100 n 



2.5 V 



10 kn 

— w. 



5 V 




+ 15 V 



15 V 

100 n 



v 



v 100 n: 

100 n 

(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY 

Figure 2. Noise Voltage Test Circuit 



v. 



100 n 



10 kn 

— w 

5 V 



2.5 V- 



VO 



V|- 



100 n 



10 kn 

Wv 



■15V 



30 pF 
(see Note A) 




10 kn 



15 V 



VO 



30pFJ; iiokn 
(see 
Note A) 



NOTE A: C|_ includes fixture capacitance. 

(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY 

Figure 3. Unity-Gain Bandwidth and Phase Margin Test Circuit 
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PARAMETER MEASUREMENT INFORMATION 



5 V 



0.1 (iF 

V|— If— 



10 kn 



X 30pF;L 
(see Note A) 



V 



10 kn 



+ 15 V 



-15 V 
30) 



V 



-J pFi 
(see Note A) 



10k£2 



NOTE A: C[_ includes fixture capacitance 
(a) SINGLE-SUPPLY 



(b) SPUT-SUPPLY 

Figure 4. Small-Signal Pulse Response Test Circuit 



typical values 



Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance of initial devices from three wafer lots used for characterization. 
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TYPICAL CHARACTERISTICS 



table of graphs 





FIGURE 


V|Q Input offset voltage 


Distribution 


5 


l|B Input bias current 


vs Common-mode voltage 
vs Temperature 


6 
7 


l| Input current 


vs Differential input voltage 


8 


Vqm Maximum peak output voltage 


vs Output current 
vs Temperature 
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10 


Vqh High-level output voltage 


vs High-level output current 
vs Temperature 
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Vql Low-level output voltage 


vs Low-level output current 
vs Temperature 
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Vqpp Maximum peak-to-peak output voltage swing 
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Avd Differential voltage amplification 


vs Frequency 
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17 
18 


'OS Short-circuit output current 


vs Supply voltage 
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19, 20 
21, 22 


Ice Supply current 
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vs Temperature 
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24 


CMRR Common-mode rejection ratio 


vs Frequency 


25 


SR Slew rate 
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26 


Pulse response 
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29, 30 
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0.1 to 1 Hz 
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31 
32 
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vs Frequency 


33 
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TYPICAL CHARACTERISTICS* 
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2 



f 
c 

8 



DISTRIBUTION OF TLE2021 
INPUT OFFSET VOLTAGE 



16 



12 



231 Units tested 
V CC± = ±15V 
Ta = 25°C 
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lot 
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Figure 5 
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Figure 6 



15 



-35 



-30 



< 
c 

I 



O 
to 



to 



25 
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vs 
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Figure 7 
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INPUT CURRENT 
vs 

DIFFERENTIAL INPUT VOLTAGE 
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
|V| D |- Differential Input Voltage - V 

Figure 8 



t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS 1 



MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 
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| Iq| - Output Current - mA 

Figure 9 



MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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T A - Free-Air Temperature - °C 

Figure 10 
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HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 













V C C = 5 V 
T« = 25-C 







































































-1 -2 -3 -4 -5 -6 
'OH - Hlgh-Level Output Current - mA 

Figure 11 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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i 
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o 
> 



4.75 



I 4.25 
X 

o 
> 



v C c 


1 

= 5V 






















No 


Load 
















= 10 


kn 





















-75 - 50 - 25 25 50 75 100 125 
T A - Free-Air Temperature - °C 

Figure 12 



T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS* 
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LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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'OL - Low-Level Output Current - mA 

Figure 13 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 
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Figure 14 



3 

o 
> 



I 
o 



o. 



MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 

5 



V CC = SV 

R|_ = 10 kn 

T A = 25°C 
ill I 



100 1k 10 k 100k 

f - Frequency - Hz 

Figure 15 




1 M 



MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 




10 k 100 k 

f - Frequency - Hz 



Figure 16 



^Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS 1 



LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 
vs 

FREQUENCY 



LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION 
vs 

FREE-AIR TEMPERATURE 
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Figure 17 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

SUPPLY VOLTAGE 
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Figure 19 
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Figure 18 

SHORT-CIRCUIT OUTPUT CURRENT 



vs 

SUPPLY VOLTAGE 
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Figure 20 



T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS* 



SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 
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T"a - Free-Air Temperature - °C 

Figure 21 

SUPPLY CURRENT 
vs 

SUPPLY VOLTAGE 
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Figure 23 
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SHORT-CIRCUIT OUTPUT CURRENT 
vs 

FREE-AIR TEMPERATURE 
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Figure 22 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 
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Figure 24 

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Figure 25 
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See Figure 1 
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Figure 26 
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VOLTAGE-FOLLOWER 
SMALL-SIGNAL 
PULSE RESPONSE 



v cc± = ±15 V 
R L = 10 kn 

C L = 30 pF 
T A = 25°C 
See Figure 4 
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> 

3 

a 

3 
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2.45 



VOLTAGE-FOLLOWER 
SMALL-SIGNAL 
PULSE RESPONSE 



v cc = sv 
R|_ = 10 kn 
C L = 30 pF 
T A = 25°C - 
See Figure 4 
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Figure 27 
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Figure 28 
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f Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2021, TLE2021A, TLE2021B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 



VOLTAGE-FOLLOWER 
LARGE-SIGNAL 
PULSE RESPONSE 



S- 
o 

I 



V CC± = ±15V 
R|_ = 10 k£2 
C L = 30 pF 
T A = 25°C 
See Figure 1 
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Figure 29 
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LARGE-SIGNAL 
PULSE RESPONSE 



3 2 
a. 

1 



>° 



V CC = 5V 
R L = 10 kCl 
C L = 30 pF 
T A = 25°C . 
See Figure 1 
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Figure 30 
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Figure 31 
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PEAK-TO-PEAK EQUIVALENT 
INPUT NOISE VOLTAGE 
0.1 TO 10 Hz 




Figure 32 
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TLE2021, TLE2021A, TLE2021B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 7 



EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 



200 



160 



120 



I 

c 
> 



TTTTl 1 I I Hi ll 

V CC± = ±1SV 

Rs = 100 n 

T A = 25°C 
See Figure 2 
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UNITY-GAIN BANDWIDTH 
vs 
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1 r 

R|_ = 10 kn 

C L = 30 pF 
T A = 25°C 

Qmi Piniirf> 3 





























































Figure 33 
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Figure 34 
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Figure 35 
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vs 
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R|_ = 10 kn 
Ci_ = 30 pF 
Ta = 25°C 












See 


Figure 
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Figure 36 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 



Texas 
Instruments 

1 20 POST OFFICE BOX 655303 ■ DALLAS. TEXAS 75265 



TLE2021, TLE2021A, TLE2021B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 1, 




36 | 1 1 1 1 1 1 1 1 ol 1 1 1 1 1 

-75 -SO -25 25 50 75 100 125 20 40 60 80 100 

- Free-Air Temperature - °C Ci_ - Load Capacitance - pF 

Figure 37 Figure 38 

*Data at high and tow temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 

APPLICATION INFORMATION 

voltage-follower applications 

The TLE2021 circuitry includes input protection diodes to limit the voltage across the input transistors; however, 
no provision is made in the circuit to limit the current if these diodes are forward-biased. Note that this condition 
can occur when the device is operated in the voltage-follower configuration and driven with a fast, large-signal 
pulse. It is recommended that a feedback resistor be used to limit the current to a maximum of 1 mAto prevent 
degradation of the device. Also, remember that this feedback resistor will form a pole with the input capacitance 
of the device. For feedback resistor values greater than 10 kQ, this pole will degrade the amplifier's phase 
margin. This problem can be alleviated by adding a capacitor (20 pF to 50 pF) in parallel with the feedback 
resistor (see Figure 39). 

Cp = 20 to 50 pF 




Figure 39. Voltage Follower 
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TLE2021, TLE2021A, TLE2021B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

OPERATIONAL AMPLIFIERS 



APPLICATION INFORMATION 



input offset voltage nulling 



The TLE2021 series offers external null pins that can be used to further reduce the input offset voltage. The 
circuit of Figure 40 can be connected as shown if this feature is desired. If external nulling is not needed, the 
null pins may be left disconnected. 




VCC - (SPUT-SUPPLY) 
1kfl GND (SINGLE-SUPPLY) 

Figure 40. Input Offset Voltage Null Circuit 
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TLE2022, TLE2022A, TLE2022B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
DUAL OPERATIONAL AMPLIFIERS 

4, MAY 1989- REVISED FEBRUARY 1991 



available features 

Supply Current . . . 500 |iA Max 
High Unity-Gain Bandwidth ... 2.8 MHz Typ 
High Slew Rate ... 0.7 V/jis Min 

• Supply Current Change Over Military Temp 
Range ... 37 jiA Typ 

• Specified for Both 5-V Sii 
±15-V Operation 

• Phase-Reversal Protection 



High Open-Loop Gain 
Low Offset Voltage . . 



.. 10 v/uV (140 dB) Typ 
150 uV Max 



Offset Voltage Drift With Time . . . 
0.005 uV/mo Typ 

Low Input Bias Current ... 50 nA Max 

Low Noise Voltage ... 19 nV/VRz Typ 
atf = 10 Hz 



description 

The TLE2022, TLE2022A, and TLE2022B 
devices are precision, high-speed, low-power 
operational amplifiers using Texas Instruments 
patent-pending Excalibur process. These 
devices combine the best features of the OP221 
with highly improved slew rate and unity-gain 
bandwidth. 

The complementary bipolar Excalibur process 
utilizes isolated vertical P-N-P transistors that 
yield dramatic improvement in unity-gain 
bandwidth and slew rate over similar devices. 

The addition of a patent-pending bias circuit in 
conjunction with this process results in extremely 
stable parameters with both time and 
temperature. This means that a "precision" 
device remains a precision device even with 
changes in temperature and over years of use. 

This combination of excellent dc performance 
with a common-mode input voltage range that 
includes the negative rail makes these devices 
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AVAILABLE OPTIONS 



TA 


V|q max 
AT 25°C 


PACKAGE 


SMALL- 
OUTLINE 
(D) 


CHIP 
CARRIER 
(FK) 


CERAMIC 
DIP 

(JG) 


METAL 
CAN 

(L) 


PLASTIC 
DIP 

(P) 


0°C 
to 
70°C 


300 (iV 
500 uV 


TLE2022ACD 
TLE2022CD 








TLE2022ACP 
TLE2022CP 


-40°C 

to 
85°C 


300 nV 
500 uV 


TLE2022AID 
TLE2022ID 








TLE2022AIP 
TLE2022IP 


-55°C 

to 
125°C 


150 uV 
300 uV 
500 uV 


TLE2022AMD 
TLE2022MD 


TLE2022AMFK 
TLE2022MFK 


TLE2022BMJG 
TLE2022AMJG 
TLE2022MJG 


TLE2022BML 
TLE2022AML 
TLE2022ML 


TLE2022AMP 
TLE2022MP 



D packages are available taped and reeled. Add "R" suffix to device type, (e.g.,TLE2022ACDR). 
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TLE2022, TLE2022A, TLE2022B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

DUAL OPERATIONAL AMPLIFIERS 



description (continued) 

the ideal choice for low-level signal conditioning applications in either single-supply or split-supply 
configurations. In addition, these devices offer phase-reversal protection circuitry that eliminates an 
unexpected change in output states when one of the inputs goes below the negative supply rail. 

Available packaging options include small-outline and chip-carrier versions for high-density systems 
applications. 

The C-suffix devices are characterized for operation from 0°C to 70°C. The l-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 



D, JG, or P PACKAGE 
(TOP VIEW) 

1 out rfnjsb V CC + 

1 IN - [ 2 7 ] 2 OUT 
UN + [3 6l2IN- 
Vcc — 'GND C 4 5 2 2 IN + 



NC ]4 

1 IN- ]5 

NC ]6 

1 IN+ ]7 

NC ]8 



FK PACKAGE 
(TOP VIEW) 

t— + 

2 o 
o O o o o 

Z Z > Z 



I II II II II I 

3 2 1 20 19 



9 10 11 12 13 
i— ii— ii— ii — ii— i 



18 [ NC 

17 [ 2 OUT 

16 [ NC 

15[ 2 IN - 

14 [ NC 



O Q O + O 
z z z z z 
(3 - 



o 
o 



L PACKAGE 
(TOP VIEW) 

VCC + 
1 OUT ^CT^ 2 OUT 




©)2IN- 
®J 

1 IN +\J^/2 IN i 
V CC _/GND 

Pin 4 of the L package is in 
electrical contact with the case. 



NC - No internal connection 
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TLE2022, TLE2022A, TLE2022B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
DUAL OPERATIONAL AMPLIFIERS 



equivalent schematic (each amplifier) 
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TLE2022, TLE2022A, TLE2022B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

DUAL OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vqc+ ( see N °t e 1 ) 20 v 

Supply voltage, V C c_ (see Note 1) -20 V 

Differential input voltage (see Note 2) +0.6 V 

Input voltage range, V| (any input, see Note"!) V CC± 

Input current, l| (each input) ±1 mA 

Output current, Iq (each output) ±30 mA 

Total current into Vqq + terminal 80 mA 

Total current out of VQC- terminal 80 mA 

Duration of short-circuit current at (or below) 25°C (see Note 3) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : C-suffix 0°C to 70°C 

l-suffix -40°C to 85°C 

M-suffix -55°C to 125°C 

Storage temperature range -65°C to 150°C 

Case temperature for 60 seconds: FK package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package 300°C 



NOTES: 1 . All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and Vcc _ . 

2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if a differential input 
voltage in excess of approximately ± 600 m V is applied between the inputs unless some limiting resistance is used. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 



DISSIPATION RATING TABLE 



PACKAGE 


T A £ 25°C 


DERATING FACTOR 


Ta = 70*C 


T A = 85°C 


T A = 125°C 


POWER RATING 


ABOVE T A = 25"C 


POWER RATING 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


377 mW 


145 mW 


FK 


1375 mW 


11.0 mW/°C 


880 mW 


715 mW 


275 mW 


JG 


1050 mW 


8.4 mW/°C 


672 mW 


546 mW 


210 mW 


L 


650 mW 


5.2 mW/°C 


416 mW 


338 mW 


130 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 


520 mW 


200 mW 



recommended operating conditions 







C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 






MIN 


NOM MAX 


MIN 


NOM MAX 


MIN 


NOM MAX 


Supply voltage, Vcc 


±2 


±20 


±2 


±20 


±2 


±20 


V 


Common-mode input voltage, V|c 


V C C = 5V 





3.5 





3.2 





3.2 


V 


V CC ± = ±15V 


-15 


13.5 


- 15 


13.2 


-15 


13.2 


Operating free-air temperature, T A 





70 


-40 


85 


-55 


125 


°C 
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electrical characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


V|q Input offset voltage 


V| C = 0, R s = 50 n 


25°C 


600 


400 


250 


uV 


Full range 


800 


550 


400 


Temperature coefficient of 
a VIO jnpyt offset voltage 


Full range 


2 


2 


2 


uV/°C 


Input offset voltage long-term 
drift (see Note 4) 


25°C 


0.005 


0.005 


0.005 


uV/mo 


l|0 Input offset current 


25°C 


0.5 5 


0.4 4 


0.3 3 


nA 


Full range 


5 


4 


3 


l|B Input bias current 


25°C 


35 60 


33 55 


30 50 


nA 


Full range 


60 




50 


Common-mode input 
voltage range 


R s = 50 n 


25°C 


-0.3 
to to 
3.5 4 


-0.3 
to to 
3.5 4 


-0.3 
to to 
3.5 4 


V 


Full range 



to 

3.5 



to 
3.5 



to 

3.5 


Vqh High-level output voltage 


R|_ « 10 kn 


25°C 


4 4.3 


4 4.3 


4 4.3 


V 


Full range 


3.9 


3.9 


3.9 


Vql Low-level output voltage 


25°C 


0.7 0.8 


0.7 0.8 


0.7 0.8 


V 


Full range 


0.85 


0.85 


0.85 


Large-signal differential 
AvD voltage amplification 


Vq ■ 1.4 V to 4 V, R|_ ■ 10 kll 


25°C 


0.3 1.5 


0.4 1.5 


0.5 1.5 


V/uV 


Full range 


0.3 


0.4 


0.5 


CMRR Co""™™ * 
rejection ratio 


V|C - V ICR m 'n, Rs = 50 fl 


25°C 


85 100 


87 102 


90 105 


dB 


Full range 


80 


82 


85 


Supply-voltage rejection 
KSVR ratio(AV cc± /AV|o) 


V cc = 5Vto30V 


25°C 


100 115 


103 118 


105 120 


dB 


Full range 


95 


98 


100 


ICC Supply current 


Vq = 2.5 V, No load 


25°C 


400 500 


400 500 


400 500 


MA 


Full range 


500 


500 


500 


Supply current change over 
operating temperature range 


Full range 


7 


7 


7 


ma 



r Ful1 range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 1 50°C extrapolated to T^ ■ 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 



electrical characteristics at specified free-air temperature, Vqc ± = ± 15 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


V|Q Input offset voltage 


V|c = 0, Rs ■ 50 n 


25X 


150 500 


120 300 


70 150 


uV 


Full range 


700 


450 


300 


Temperature coefficient of 
"VIO input offset voltage 


Full range 


2 


2 


2 


nv/°c 


Input offset voltage long-term 
drift (see Note 4) 


25-C 


0.006 


0.006 


0.006 


uV/mo 


l| Input offset current 


25°C 


0.5 5 


0.4 4 


0.3 3 


nA 


Full range 


5 


4 


3 


l|B Input bias current 


25°C 


35 60 


33 55 


30 50 


nA 


Full range 


60 


55 


50 


Common-mode input 
ICR voltage range 


R S = 50 n 


25°C 


-15 -15.3 
to to 
13.5 14 


-15 -15.3 
to to 
13.5 14 


-15 -15.3 
to to 
13.5 14 


V 


Full range 


-15 
to 

13.5 


-15 
to 
13.5 


-15 
to 
13.5 


Maximum positive peak 
+ output voltage swing 


R L = 10 kn 


25°C 


14 14.3 


14 14.3 


14 14.3 


V 


Full range 


13.9 


13.9 


13.9 


Maximum negative peak 
0M ~ output voltage swing 


25°C 


-13.7 -14.1 


-13.7 -14.1 


-13.7 -14.1 


V 


Full range 


-13.7 


-13.7 


- 13.7 


Large-signal differential 
voltage amplification 


Vq -410 V, R L = 10 W2 


25°C 


0.8 4 


1 7 


1.5 10 


V/uV 


Full range 


0.8 


1 


1.5 


Common-mode 
CMRR . . 

rejection ratio 


V IC - V ICR mi ". R S • 50 n 


25°C 


95 106 


97 109 


100 112 


dB 


Full range 


91 


93 


96 


Supply-voltage rejection 
SVR ratio(AV cc± /AV| ) 


V cc± . ±2.5Vto±15V 


25°C 


100 115 


103 118 


105 120 


m 


Full range 


95 


98 


100 


l cc Supply current 


V - 0, No load 


25°C 


470 600 


470 600 


470 600 


uA 


Full range 


600 


600 


600 


Supply current change over 
A 'CC operating temperature range 


Full range 


9 


9 


9 


uA 



f Full range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shiftobserved through 1 68 hours of operating life test at T^ = 1 50°C extrapolated to T^ = 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 



operating characteristics at specified free-air temperature, Vqq = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


V = 1 V to 3 V, See Figure 1 


25°C 


0.5 


0.5 


0.5 


V/us 


Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hz 


25°C 


21 50 


21 50 


21 50 


nV/Vflz 


f = 1 kHz 


25°C 


17 30 


17 30 


17 30 


Peak-to-peak equivalent 
N ( pp ) input noise voltage 


f . 0.1 to1 Hz 


25°C 


0.16 


0.16 


0.16 


U.V 


f = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0,47 


l n Equivalent input noise current 




25°C 


0.1 


0.1 


0.1 


pA/VHz 


Bi Unity-gain bandwidth 


See Figure 3 


25°C 


1.7 


1.7 


1.7 


MHz 


* m Phase margin at unity gain 


See Figure 3 


25°C 


47° 


47° 


47° 




operating characteristics at specified free-air temperature, Vcc ± = ± 15 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


TA 1 


TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


V = ± 10 V, See Figure 1 


25°C 


0.45 0.65 


0.45 0.65 


0.45 0.65 


V/us 


Full range 


0.45 


0.45 


0.45 


Equivalent input noise 
n voltage (see Figure 2) 


1 - 10Hz 


25°C 


19 50 


19 50 


19 50 


nV/Vflz 


f = 1 kHz 


25°C 


15 30 


15 30 


15 30 


Peak-to-peak equivalent 
' ' input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.16 


0.16 


0.16 


uV 


t = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0.47 


l n Equivalent input noise current 




25°C 


0.1 


0.1 


0.1 


pA/VHz 


Bi Unity-gain bandwidth 


See Figure 3 


25°C 


2.8 


2.8 


2.8 


MHz 


$ m Phase margin at unity gain 


See Figure 3 


25°C 


52° 


52° 


52° 





+ Full range is 0°C to 70°C. 



electrical characteristics at specified free-air temperature, Vrjc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 






25°C 


600 


400 


250 


"V 






Full range 


800 


550 


400 


«VIO 


Temperature coefficient of 
input offset voltage 






Full range 


2 


2 


2 


uV/°C 


Input offset voltage long-term 
drift (see Note 4) 


V|C ■ 


0, Rg = 50 n 


25°C 


0.005 


0.005 


0.005 


uV/mo 


ho 


Input offset current 






25°C 




0.5 


5 




0.4 


4 




0.3 


3 


nA 






Full range 


5 


4 


3 


'IB 


Input bias current 






25°C 




35 


60 




33 


55 




30 


50 


nA 






Full range 


60 


55 


50 















-0.3 







-0.3 







-0.3 














25°C 


to 


to 




to 


to 




to 


to 






V ICR 


Common-mode input 


Rs - 


so n 




3.5 


4 




3.5 


4 




3.5 


4 




V 


voltage range 


Full range 



to 
3.2 







to 

3.2 







to 

3.2 






VOH 


High-level output voltage 






25°C 


4 


4.3 




4 


4.3 




4 


4.3 




V 


R U = 


10k£l 


Full range 


3.9 


3.9 


3.9 


vol 


Low-level output voltage 


25°C 




0.7 


0.8 




0.7 


0.8 




0.7 


0.8 


V 






Full range 


0.9 


0.9 


0.9 


A VD 


Large-signal differential 


v - 


1.4 V to 4 V, R|_ = 10 kfl 


25°C 


0.3 


1.5 




0.4 


1.5 




0.5 


1.5 




WuV 


voltage amplification 


Full range 


0.2 


0.2 


0.2 


CMRR 


Common-mode 


V|C = 


V|CR min, Rs = 50 £1 


25°C 


85 100 


87 


102 




90 


105 




dB 


rejection ratio 


Full range 


80 


82 


85 


•*SVR 


Supply-voltage rejection 


vec 


• 5 V to 30 V 


25°C 


100 


115 




103 


118 




105 


120 




dB 


ratio (AV CC± /AV| ) 


Full range 


95 


98 


100 


'cc 


Supply current 






25°C 




400 


500 




400 


500 




400 


500 


MA 


v = 


2.5 V. No load 


Full range 


500 


500 


500 


AIqc 


Supply current change over 
operating temperature range 


Full range 


15 


15 


15 


jiA 



f Full range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T/y = 1 50°C extrapolated to T^ = 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 



operating characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A 


TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


V = 1 V to 3 V, See Figure 1 


25°C 


0.5 


0.5 


0.5 


V/ns 


Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hz 


25°C 


21 50 


21 50 


21 50 


nV/VRI 


f = 1 kHz 


25°C 


17 30 


17 30 


17 30 


Peak-to-peak equivalent 
N( p P) j nDU t no j se voltage 


f = 0.1 to 1 Hz 


25°C 


0.16 


0.16 


0.16 


u.V 


t = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0.47 


l n Equivalent input noise current 




25°C 


0.1 


0.1 


0.1 


pAA/Hz 


Bi Unity-gain bandwidth 


See Figure 3 


25°C 


1.7 


1.7 


1.7 


MHz 


# m Phase margin at unity gain 


See Figure 3 


25°C 


47° 


47° 


47° 




operating characteristics at specified free-air temperature, Vcc ± = ± 15 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 




TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


Vq = ±10V, See Figure 1 


25°C 


0.45 0.65 


0.45 0.65 


0.45 0.65 


V/us 


Full range 


0.42 


0.42 


0.42 


Equivalent input noise 
n voltage (see Figure 2) 


1 = 10 Hz 


25°C 


19 50 


19 50 


19 50 


nV/VHz 


f = 1 kHz 


25°C 


15 30 


15 30 


15 30 


Peak-to-peak equivalent 
' ' input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.16 


0.16 


0.16 


nv 


f = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0.47 


l n Equivalent input noise current 




25°C 


0.1 


0.1 


0.1 


pA/ViHz 


B<| Unity-gain bandwidth 


See Figure 3 


25°C 


2.8 


2.8 


2.8 


MHz 


♦ m Phase margin at unity gain 


See Figure 3 


25°C 


52° 


52° 


52° 





t Fullrangeis-40°Cto85°C. 



operating characteristics at specified free-air temperature, Vrjc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A 


TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


V = 1 V to 3 V, See Figure 1 


25°C 


0.5 


0.5 


0.5 


V/us 


v Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hz 


25°C 


21 50 


21 50 


21 50 


nV/VHz 


f = 1 kHz 


25°C 


17 30 


17 30 


17 30 


Peak-to-peak equivalent 
N(PP) input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.16 


0.16 


0.16 


nv 


f = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0.47 


l n Equivalent input noise current 




25'C 


0.1 


0.1 


0.1 


pA/N/Hz 


B, Unity-gain bandwidth 


See Figure 3 


25°C 


1.7 


1.7 


1.7 


MHz 


0m Phase margin at unity gain 


See Figure 3 


25°C 


47° 


47° 


47° 




operating characteristics at specified free-air temperature, Vqc ± = ± 15 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


T A f 


TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


V = ±10V, See Figure 1 


25°C 


0.45 0.65 


0.45 0.65 


0.45 0.65 


V/|is 


Full range 


0.42 


0.42 


0.42 


Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hz 


25°C 


19 50 


19 50 


19 50 


nV/VHz 


1 = 1 kHz 


25°C 


15 30 


15 30 


15 30 


Peak-to-peak equivalent 
' ' input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.16 


16 


0.16 


|iV 


f = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0.47 


l n Equivalent input noise current 




25°C 


0.1 


0.1 


0.1 


pA/vTlz 


Bi Unity-gain bandwidth 


See Figure 3 


25°C 


2.8 


2.8 


2.8 


MHz 


#m Phase margin at unity gain 


See Figure 3 


25°C 


52° 


52° 


52° 





f Full range is - 40°C to 85°C. 



electrical characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


V|Q Input offset voltage 


V|C = 0. Rs = 5°" 


25°C 


600 


400 


250 


(tV 


Full range 


800 


550 


400 


Temperature coefficient of 
a VIO input offset voltage 


Full range 


2 


2 


2 


uV/°C 


Input offset voltage long-term 
drift (see Note 4) 


25°C 


0.005 


0.005 


0.005 


nV/mo 


l|0 Input offset current 


25°C 


0.5 5 


0.4 4 


0.3 3 


nA 


Full range 


5 


4 


3 


l|g Input bias current 


25°C 


35 60 


33 55 


30 50 


nA 


Full range 


60 


55 


50 


Common-mode input 
lc " voltage range 


Rs = 50 n 


25°C 


-0.3 
to to 
3.5 4 


-0.3 
to to 
3.5 4 


-0.3 
to to 
3.5 4 


V 


Full range 



to 

3.2 



to 

3.2 



to 

3.2 


Vqh High-level output voltage 


R[_ = 10 kn 


25°C 


4 4.3 


4 4.3 


4 4.3 


V 


Full range 


3.8 


3.8 


3.8 


Vql Low-level output voltage 


25°C 


0.7 0.8 


0.7 0.8 


0.7 0.8 


V 


Full range 


0.95 


0.95 


0.95 


Large-signal differential 
VD voltage amplification 


Vq = 1.4 V to 4 V, R L = 10 kSl 


25°C 


0.3 1.5 


0.4 1.5 


0.5 1.5 


V/uV 


Full range 


0.1 


0.1 


0.1 


. ,__ Common-mode 
CMRR . . 

reaction ratio 


V IC - V ICR mi ". R S = 50 fl 


25°C 


85 100 


87 102 


90 105 


dB 


Full range 


80 


82 


85 


Supply-voltage rejection 
ksVR rafo(AV cc± /AV| ) 


V cc = 5 V to 30 V 


25°C 


100 115 


103 118 


105 120 


dB 


Full range 


95 


98 


100 


Iqq Supply current 


V = 2.5 V, No load 


25°C 


400 500 


400 500 


400 500 


HA 


Full range 


500 


500 


500 


Supply current change over 
A 'CC operating temperature range 


Full range 


37 


37 


37 


MA 



tFull range is - 55°C to 1 25°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T^ = 
and assuming an activation energy of 0.96 eV. 



1 50°C extrapolated to T^ ■ 25°C using the Arrhenius equation 



electrical characteristics at specified free-air temperature, Vrjc ± = ± 15 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


V|0 


Input offset voltage 




25°C 




150 


500 




120 


300 




70 


150 


t*y 




Full range 


700 


450 


300 


°VIO 


Temperature coefficient of 
input offset voltage 




Full range 


2 


2 


2 


HWC 


Input offset voltage long-term 
drift (see Note 4) 


V|C = 0. R S = 50£i 


25°C 


0.006 


0.006 


0.006 


u,V/mo 


to 


Input offset current 




25"C 




0.5 


5 




0.4 


4 




0.3 


3 


nA 




Full range 


5 


4 


3 


'IB 


Input bias current 




25"C 




35 


60 




33 


55 




30 


50 


nA 




Full range 


60 


55 


50 










-15 


-15.3 




- 15 


- 15.3 




- 15 


- 15.3 












25°C 


to 


to 




to 


to 




to 


to 






VlCR 


Common-mode input 


Rs = 50 n 




13.5 


14 




13.5 


14 




13.5 


14 




V 


voltage range 


Full range 


-15 
to 
13.2 






-15 
to 
13.2 






-15 
to 
13.2 






v OM + 


Maximum positive peak 




25°C 


14 


14.3 




14 


14.3 




14 


14.3 




V 


output voltage swing 


R|_ = 10 kn 


Full range 


13.9 


13.9 


13.9 


V M- 


Maximum negative peak 


25°C 


-13.7 


-14.1 




- 13.7 


-14.1 




-13.7 


-14.1 




V 


output voltage swing 




Full range 


-13.6 


-13.6 


-13.6 


A VD 


Large-signal differential 


v = ±iov, r l = 10 kn 


25°C 


0.8 


4 




1 


7 




1.5 


10 




V/uV 


voltage amplification 


Full range 


0.8 


1 


1.5 


CMRR 


Common-mode 


V IC = v icr min . R s = 50 n 


25°C 


95 


106 




97 


109 




100 


112 




dB 


rejection ratio 


Full range 


91 


93 


96 


k SVR 


Supply-voltage rejection 


V CC± = ± 2.5 V to ± 15 V 


25°C 


100 


115 




103 


118 




105 


120 




dB 


ratio (AV cc + /AV|o) 


Full range 


95 


98 


100 


'cc 


Supply current 




25°C 




470 


600 




470 


600 




470 


600 


uA 


V = 0, No load 


Full range 


600 


600 


600 


AI CC 


Supply current change over 
operating temperature range 


Full range 


60 


60 


60 


uA 



C=xr- 
i, O rn 

r— o 

O — 

=0=Srv5 

253EF! 
>e/jro 

-n S= m 

W -o ro 
oooro 

s i 

m s 

33 

TJ 
30 
m 

£2 
CO 

o 



+ Full range is - 55°C to 1 25°C. 

NOTE 4: Typical values are basedon the inputoffsetvoltage shift observed through 168 hours of operating life festalT^ = 
and assuming an activation energy of 0.96 eV. 



1 50°C extrapolated to Ta = 25°C using the Arrhenius equation 



operating characteristics at specified free-air temperature, Vqq = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A 


TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


V = 1 V to 3 V, See Figure 1 


25°C 


0.5 


0.5 


0.5 


V/us 


Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hz 


25°C 


21 


21 


21 


nV/VHz 


f = 1 kHz 


25°C 


17 


17 


17 


Peak-to-peak equivalent 
' ' input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.16 


0.16 


0.16 


uV 


f = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0.47 


l n Equivalent input noise current 




25°C 


0.1 


0.1 


0.1 


pA/VHz 


Bi Unity-gain bandwidth 


See Figure 3 


25°C 


1.7 


1.7 


1.7 


MHz 


m Phase margin at unity gain 


See Figure 3 


25°C 


47° 


47° 


47° 




operating characteristics at specified free-air temperature, v cc + = ± 15 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


T A f 


TLE2022 


TLE2022A 


TLE2022B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


V Q = ±10V, See Figure 1 


25°C 


0.45 0.65 


i 0.45 0.65 


0.45 0.65 


V/us 


Full range 


0.4 


0.4 


0.4 


Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hz 


25°C 


19 


19 


19 


nV/VHz 


f = 1 kHz 


25°C 


15 


15 


15 


Peak-to-peak equivalent 
' ' input noise voltage 


f = 0.1 to1 Hz 


25°C 


0.16 


0.16 


0.16 


uA/ 


f = 0.1 to 10 Hz 


25°C 


47 


0.47 


0.47 


l n Equivalent input noise current 




25°C 


0.1 


0.1 


0.1 


pA/VHz 


Bj Unity-gain bandwidth 


See Figure 3 


25°C 


2.8 


2.8 


2.8 


MHz 


m Phase margin at unity gain 


See Figure 3 


25°C 


52° 


52° 


52° 





tFullrangeis-55°Cto125°C. 



TLE2022, TLE2022A, TLE2022B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

DUAL OPERATIONAL AMPLIFIERS 



PARAMETER MEASUREMENT INFORMATION 



20 kn 



20 kn 



5 V 



15 V 



V 



30 pF =J= $20kn 
(see Note I 



,A) T^ : 



— 15 V 
30 

(see Note A) 



V I 



V 




20 kn 



NOTE A: Cl includes fixture capacitance, 
(a) SINGLE-SUPPLY 



Figure 1. Slew Rate Test Circuit 



(b) SPLIT-SUPPLY 



10 kn 



10 kn 

— v*\ — 



5 V 



100 n t\i 
100 n 



100 n 



15 V 




-15 V 

100 n 



v 



(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY 

Figure 2. Noise Voltage Test Circuit 



10 kn 



v. 



100 n 



30 

(see Note A) 



Vo 



v r 



100 n 



10 kn 

— VA 

15 V 




10 kn 



15 V r 

30 nF -L 



v 



30pF^ |l0kn 

(« 

Note A) 



NOTE A: C L includes fixture capacitance. 

(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY 

Figure 3. Unity-Gain Bandwidth and Phase Margin Test Circuit 
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tle2022, tle2022a, tle2022b 
jALIBUR high-speed low-power precision 

DUAL OPERATIONAL AMPLIFIERS 



PARAMETER MEASUREMENT INFORMATION 



5 V 



0.1 U.F 



sio kn 



V] — 1(- 



i30pF| 



(see Note / 



V 



i 10k£l 



15 V 



15 V r 
(see Note A) 



V 



10 kn 



r 



NOTE A: C|_ includes fixture capacitance 
(a) SINGLE-SUPPLY 



(b) SPLIT-SUPPLY 

Figure 4. Small-Signal Pulse Response Test Circuit 



typical values 



Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 
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TLE2022, TLE2022A, TLE2022B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 

table of graphs 





FIGURE 


V|q Input offset voltage 


Distribution 


5 


l|g Input bias current 


vs Common-mode voltage 
vs Temperature 


6 
7 


l| Input current 


vs Differential input voltage 


8 


Vqm Maximum peak output voltage 


vs Output current 
vs Temperature 


9 
10 


Vqh High-level output voltage 


vs High-level output current 
vs Temperature 


11 
12 


Vq|_ Low-level output voltage 


vs Low-level output current 
vs Temperature 


13 
14 


Vo(PP) Maximum peak-to-peak output voltage swing 


vs Frequency 


15, 16 


A\/d Differential voltage amplification 


vs Frequency 
vs Temperature 


17 
18 


Iqs Short-circuit output current 


vs Supply voltage 
vs Temperature 


19, 21 

20, 22 


Ice Supply current 


vs Supply voltage 
vs Temperature 


23 
24 


CMRR Common-mode rejection ratio 


vs Frequency 


25 


SR Slew rate 


vs Temperature 


26 


Pulse response 


Small-signal 
Large-signal 


27. 28 
29, 30 


V N(PP) Peak-to-peak equivalent input noise voltage 


0.1 to 1 Hz 
0.1 to 10 Hz 


31 
32 


V n Equivalent input noise voltage 


vs Frequency 


33 


B-| Unity-gain bandwidth 


vs Supply voltage 
vs Temperature 


34 
35 


Phase margin 


vs Supply voltage 
vs Capacitive load 
vs Temperature 


36 
37 
36 


Phase shift 


vs Frequency 


17 
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TLE2022, TLE2022A, TLE2022B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



TLE2022 

DISTRIBUTION OF 
INPUT OFFSET VOLTAGE 



20 



16 



I 



I 12 



8 
f 



I 

398 amplifiers 

V CC± = ±151 
T« = 25°C 


ested fn 
/ 


>m 1 wal 


er lot 




P Pack 


age 








































J 









-50 



-45 



a 



-40 



-35 



= -30 

I 



-25 



-20 



-600 -400 -200 200 400 
V| - Input Offset Voltage - uV 

Figure 5 

TLE2022 

INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 













V CC± = 3 
Vq = 


:15V 












V|C 


= 





































































T»_ - Free-Air Temperature - °C 

Figure 7 



TLE2022 

INPUT BIAS CURRENT 
vs 

COMMON-MODE INPUT VOLTAGE 



-50 
-45 

< 
c 
I 

£ -40 
£ 

i 
u 

S - 35 

m 

I 

= -30 
I 

m 

-25 



-20 











\ 
1 


1 

cc± = 

A = 25' 


±15V 
C 































































-15 -10 -5 5 10 

V[q - Common-Mode Input Voltage - V 

Figure 6 



INPUT CURRENT 
vs 

DIFFERENTIAL INPUT VOLTAGE 



15 





1.0 




0.9 




0.8 


< 


0.7 


E 


1 

c 


0.6 


E 




o 


0.5 


H 




o. 


0.4 


c 






0.3 




0.2 




0.1 








v C c± = 
" V| C = c 
Ta = 2, 


I 

+ 15 V 














>°c 

















































































































































































0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
|V| D |- Differential Input Voltage - V 



Figure 8 

■•Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2022, TLE2022A, TLE2022B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS + 



a 

CD 
CJ 

a. 
E 

D 

E 



MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 











1 1 

V CC± = ±15V 

t . _ icor> 












'A 








1 










\ VOM 


+ 








VqM- 














































f 





























10 



12 



| Iq| - Output Current - mA 

Figure 9 



14 



MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



14.5 



1 
o 
> 



14 




13.5 



E 



13 



12 



-VOM 



VCC+ = ±15 V 
R L = 10 k£2 
T A = 25°C 



-75 -50 -25 25 50 75 100 125 
- Free-Air Temperature - °C 

Figure 10 



o 
1 



i 

X 

o 



HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 




HIGH-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



o 

1 



i 

> 




-2 -4 -6 -8 

'OH ~ High-Level Output Current - mA 

Figure 11 



-10 



-75 - 50 - 25 25 50 75 100 125 
T A - Free-Air Temperature - °C 

Figure 12 



T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2022, TLE2022A, TLE2022B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



> 
i 



o 
> 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 



vcc = 
t a = 


5 V 
Z5°C 
































1 



























0.5 1 1.5 2 2.5 
IrjL ~ Low-Level Output Current - mA 

Figure 13 



0.75 



> 
a 

a. 

3 

o 



s 

3 



o 
> 



0.5 



LOW-LEVEL OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 













lOL 


= 1 1I 


A 












>OL 


= 




















vcc 


= 5V 















-75 -50 -25 25 50 75 100 125 
- Free-Air Temperature - °C 

Figure 14 



MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE 
vs 

FREQUENCY 



> 
i 



Q. 

Q. 

o 
> 



V CC = 5 V 
R|_ = 10 ka 
T A = 25°C 
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Figure 15 
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Figure 16 



1 M 



T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2022, TLE2022A, TLE2022B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 1 



TLE2022 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION and PHASE SHIFT 
vs 

FREQUENCY 
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Figure 17 



Figure 18 
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vs 
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Figure 19 
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FREE-AIR TEMPERATURE 
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Figure 20 



f Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2022, TLE2022A, TLE2022B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 1 
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Figure 21 
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vs 

FREE-AIR TEMPERATURE 
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Figure 22 
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Figure 23 
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Figure 24 



''Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2022, TLE2022A, TLE2022B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



TLE2022 

COMMON-MODE REJECTION RATIO 
vs 

FREQUENCY 
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Figure 25 
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SLEW RATE 
vs 

FREE-AIR TEMPERATURE 
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V 
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R L = 20 kn 

C L = 30 pF 
See Figure 1 













-75 -50 -25 25 50 75 100 125 
T A - Free-Air Temperature - °C 

Figure 26 



VOLTAGE-FOLLOWER 
SMALL-SIGNAL 
PULSE RESPONSE 



VOLTAGE-FOLLOWER 
SMALL-SIGNAL 
PULSE RESPONSE 
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V CC± = ±15 V 
R|_ = 10 k£2 
C|_ = 30 pF 
T A = 25°C 
See Figure 4 
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C L = 30 pF 
T A = 25°C 
See Figure 4 
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Figure 27 Figure 28 

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2022, TLE2022A, TLE2022B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 
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Figure 29 
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See Figure 1 
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Figure 30 
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Figure 31 



Figure 32 
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TLE2022, TLE2022A, TLE2022B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 1, 



EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 



! 
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I 
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I Mill I I I Mill 
V CC± = ±1SV 

Rs = 100 n 

T A = 25°C 
See Figure 2 



-LUJ 



10 100 1k 

f - Frequency - Hz 

Figure 33 
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vs 
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Figure 34 
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UNITY-GAIN BANDWIDTH 
vs 

FREE-AIR TEMPERATURE 
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See Figure 3 
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vs 
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Figure 35 
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Figure 36 



t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 



Texas 
Instruments 

1 46 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



TLE2022, TLE2022A, TLE2022B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 

PHASE MARGIN PHASE MARGIN 




O 20 40 60 80 100 - 75 - 50 - 25 25 50 75 100 125 

C|_ - Load Capacitance - pF T/^ - Free-Air Temperature - °C 

Figure 37 Figure 38 

iData at high and low temperatures are applicable only within the rated operating free-air temperature ranges ot the various devices. 



APPLICATION INFORMATION 



voltage-follower applications 

The TLE2022 circuitry includes input protection 
diodes to limit the voltage across the input 
transistors; however, no provision is made in the 
circuit to limit the current if these diodes are 
forward-biased. Note that this condition can occur 
when the device is operated in the voltage- 
follower configuration and driven with afast, large- 
signal pulse. It is recommended that a feedback 
resistor be used to limit the current to a maximum 
of 1 mA to prevent degradation of the device. 
Also, remember that this feedback resistor will 
form a pole with the input capacitance of the 
device. For feedback resistor values greater than 
This problem can be alleviated by adding a capa< 
(see Figure 39). 



Cp = 20 to 50 pF 




Figure 39. Voltage Follower 

10 k£2, this pole will degrade the amplifier's phase margin. 
:itor (20 pF to 50 pF) in parallel with the feedback resistor 



input characteristics 

The input of any unused amplifiers should be tied to ground to avoid possible oscillation. 
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TLE2024, TLE2024A, TLE2024B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
QUAD OPERATIONAL AMPLIFIERS 

D3265, MAY 1 989 - REVISED FEBRUARY 1991 



available features 

Supply Current ... 1 m A Max 

High Unity-Gain Bandwidth ... 2.8 MHz Typ 

High Slew Rate . . . 0.45 V/u,s Min 

Supply Current Change Over Military Temp 
Range ... 50 u.A Typ 

Specified for Both 5 V/Gnd and ± 15 V 



Operation 
Phase-Reversal Protection 



High Open-Loop Gain 
Low Offset Voltage . . 



, .. 7V/u.V(137dB)Typ 
500 u.V Max 



Offset Voltage Drift With Time . . . 
0.005 u,V/mo Typ 

Low Input Bias Current ... 50 nA Max 

Low Noise Voltage ... 19 nV/VHz Typ 
atf= 10 Hz 



description 



The TLE2024, TLE2024A, and TLE2024B 
devices are precision, high-speed, low-power 
operational amplifiers using Texas Instruments 
patent-pending Excalibur process. These 
devices combine the best features of the OP421 
with highly improved slew rate, unity-gain 
bandwidth, and input offset voltage. 

The complementary bipolar Excalibur process 
utilizes isolated vertical P-N-P transistors that 
yield dramatic improvement in unity-gain 
bandwidth and slew rate over similar devices. 

The addition of a patent-pending bias circuit in 
conjunction with this process results in extremely 
stable parameters with both time and 
temperature. This means that a "precision" 
device remains a precision device even with 
changes in temperature and over years of use. 

This combination of excellent dc performance 
with a common-mode input voltage range that 
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1 M 



200° 
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AVAILABLE OPTIONS 







PACKAGE 




V|Q max 


SMALL- 


CHIP 


CERAMIC 


PLASTIC 


AT 25°C 


OUTLINE 


CARRIER 


DIP 


DIP 






(DW) 


(FK) 


(J) 


(N) 


o°c 


500 uV 


TLE2024BCDW 






TLE2024BCN 


to 


750 uV 


TLE2024ACDW 






TLE2024ACN 


70°C 


1000U.V 


TLE2024CDW 






TLE2024CN 


-40°C 


500 uV 


TLE2024BIDW 






TLE2024BIN 


to 


750 (W 


TLE2024AIDW 






TLE2024AIN 


85°C 


1000 uV 


TLE2024IDW 






TLE2024IN 


-55°C 


500 uV 


TLE2024BMDW 




TLE2024BMJ 


TLE2024BMN 


to 


750 uV 


TLE2024AMDW 


TLE2024AMFK 


TLE2024AMJ 


TLE2024AMN 


125°C 


1000nV 


TLE2024MDW 


TLE2024MFK 


TLE2024MJ 


TLE2024MN 



D packages are available taped and reeled. Add "R" suffix to device type 
(e.g.,TLE2024BCDWR). 



PRODUCTION DATA document! contain information curnnt at of _ 
publication data . Producti cortlorm loip«cificationipar tbaUrmtofUxai ^Tli 
Inttrumanti itandard warranty. Prodjetion procaiting dot* not Trvao 
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TLE2024, TLE2024A, TLE2024B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

QUAD OPERATIONAL AMPLIFIERS 



^ — — — — — ^ — — — — — — — ^— 

description (continued) 

includes the negative rail makes these devices the ideal choice tor low-level signal conditioning applications 
in either single-supply or split-supply configurations. In addition, these devices ofter phase-reversal protection 
circuitry that eliminates an unexpected change in output states when one of the inputs goes below the negative 
supply rail. 

A variety of available packaging options includes small-outline and chip carrier versions for high-density 
systems applications. 

The C-suffix devices are characterized for operation from 0°C to 70°C. The l-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 



1 OUT[ 
1 IN-[ 

1 IN + C 

V C C + C 
2IN + [ 
2IN-[ 

2 0UT[ 

NC[ 



DW PACKAGE 
(TOP VIEW) 

1 U 16 ] * OUT 
15 1 4 IN - 



14 ] 4 IN + 
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12 1 3 IN + 
11 13IN- 
10 ] 3 OUT 
9 ] NC 



1 IN + 
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2 IN + 
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| t — Hi 

? O o O 5 

*- r- 2 -d- ^ 



I II II IL II I 

3 2 1 20 19 
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4 IN + 


»z 


NC 
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«[ 


NC 


«E 


3 IN + 



I I — o ' — I 

Z Z => Z 

- O o - 

« H TO " 



J or N PACKAGE 
(TOP VIEW) 



1 OUT [ 1 U 14 D 4 OUT 
1IN-[2 13]4IN- 



1 IN + [ 3 

VCC + C 4 

2 IN + [ 5 
2 IN-[ 6 
2 0UT[ 7 



12 ] 4 IN 

n Dv C c 

10 1 3 IN + 
9 1 3 IN - 
8]3 OUT 



/GND 



NC - No internal connection 
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TLE2024, TLE2024A, TLE2024B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
QUAD OPERATIONAL AMPLIFIERS 



equivalent schematic (each amplifier) 



o 




a 
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TLE2024, TLE2024A, TLE2024B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

QUAD OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, VqC+ ( see No,e 1 ) 20 v 

Supply voltage, VqC- ( see Note 1 ) ~ 20 v 

Differential input voltage (see Note 2) ±0.6 V 

Input voltage range, V| (any input, see Notel) V CC± 

Input current, l| (each input) ±1 mA 

Output current, Iq (each output) ±40 mA 

Total current into Vqq + terminal 80 mA 

Total current out of Vrjc- terminal 80 mA 

Duration of short-circuit current at (or below) 25°C (see Note 3) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range,T A : C-suffix 0°C to 70°C 

l-suffix -40°C to 85°C 

M-suffix -55°Cto125°C 

Storage temperature range -65°C to 150°C 

Case temperature for 60 seconds: FK package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DW, or N package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300°C 



NOTES: 1 . All voltage values, except differential voltages, are with respect to the midpoint between Vcc + and ^CC ~ 

2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if a differential input 
voltage in excess of approximately ± 600 mV is applied between the inputs unless some limiting resistance is used. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 



DISSIPATION RATING TABLE 



PACKAGE 


T A £ 2S'C 


DERATING FACTOR 


T A = 70-C 


T A = 85-C 


T A = 125°C 


POWER RATING 


ABOVE T A = 25'C 


POWER RATING 


POWER RATING 


POWER RATING 


DW 


950 mW 


8.1 mWre 


586 mW 


464 mW 


140 mW 


FK 


1375mW 


11.0 mW/°C 


880 mW 


715 mW 


275 mW 


J 


1375 mW 


11.0 mW/°C 


880 mW 


715 mW 


275 mW 


N 


1575mW 


12.6 mW/°C 


1008 mW 


819 mW 


315 mW 



recommended operating conditions 







C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 






MIN 


NOM MAX 


MIN 


NOM MAX 


MIN 


NOM MAX 


Supply voltage, Vcc 


±2 


±20 


±2 


±20 


±2 


±20 


V 


Common-mode input voltage, V|c 


V CC = 5 V 





3.5 





3.2 





3.2 


V 


V CC ± = ±15V 


-15 


13.5 


-15 


13.2 


-15 


13.2 


Operating free-air temperature, T A 





70 


-40 


85 


-55 


125 
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electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2024 


TLE2024A 


TLE2024B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


via 


Input offset voltage 






25°C 


1100 


850 


600 


uV 






Full range 


1300 


1050 


800 


a VIO 


Temperature coefficient of 
input offset voltage 






Pi ill r-mnr* 

run [diiyu 


2 


2 


2 


u.V/°C 


Input offset voltage long-term 
drift (see Note 4) 


V|C - 


n _ en o 
u, ng = ou it 


25°C 


0.005 


0.005 


0.005 


u,V/mo 


1 IO 


Input offset current 






25°C 




0.6 


6 




0.5 


5 




0.4 


4 


nA 






Full range 


6 


5 


4 


Hb 


Input bias current 






25°C 




45 


60 




40 


55 




35 


50 


nA 






Full range 


65 


60 


55 















-0.3 







-0.3 







-0.3 














25°C 


to 


to 




to 


to 




to 


to 






V ICR 


Common-mode input 


Rq = 


50 n 




3.5 


4 




3.5 


4 




3.5 


4 




V 


voltage range 


Full range 



to 
3.5 







to 
3.5 







to 

3.5 






V H 


High-level output voltage 






25°C 


3.9 


4.2 




3.9 


4.2 




4 


4.3 




V 


R L . 


10kfi 


Full range 


3.7 


3.7 


3.8 




vol 


Low-level output voltage 


25°C 




0.7 


0.8 




7 


0.8 




0.7 


0.8 


V 






Full range 


0.95 


0.95 


0.95 




Large-signal differential 


Vo ■ 


1.4 V to 4 V, R|_ = 10 kfl 


25°C 


0.2 


1.5 




0.3 


1.5 




0.4 


1.5 




V/uV 


voltage amplification 


Full range 


0.1 


0.1 


0.1 


CMRR 


Common-mode 


VlC ' 


V| CR min, R s = 50 fi 


25°C 


80 


90 




82 


92 




85 


95 




dB 


rejection ratio 


Full range 


80 


82 


85 


k SVR 


Supply-voltage rejection 


v C c 


= 5 V to 30 V 


25"C 


98 


112 




100 


115 




103 


117 




dB 


ratio(AV cc /AV| ) 


Full range 


93 


95 


98 


>CC 


Supply current 






25°C 




700 


1000 




700 


1000 




700 


1000 


uA 


v - 


2.5 V, No load 


Full range 


1000 


1000 


1000 




Supply current change over 
operating temperature range 


Full range 


15 


15 


15 


MA 



t Full range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168hoursofoperatinglifetestatT^=. 150°C extrapolated to T/y = 25°C using the Arrtienius equation 
and assuming an activation energy of 0.96 eV. 



electrical characteristics at specified free-air temperature, Vcc ± = ± 15 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2024 


TLE2024A 


TLE2024B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


V|o Input offset voltage 


V| C =0, R s = 50 n 


25°C 


1000 


750 


500 


uV 


Full range 


1200 


950 


700 


Temperature coefficient of 
"VIO i n p U t offset voltage 


Full range 


2 


2 


2 


uV/°C 


Input offset voltage long-term 
drift (see Note 4) 


25°C 


0.006 


0.006 


0.006 


HV/mo 


l|0 Input offset current 


25°C 


0.6 6 


0.5 5 


0.4 4 


nA 


Full range 


6 


5 


4 


||g Input bias current 


25-C 


50 60 


45 55 


40 50 


nA 


Full range 


65 


60 


55 


Common-mode input 

"ICR 

voltage range 


R s = 50 £2 


25°C 


-15 -15.3 
to to 
13.5 14 


-15 -15.3 
to to 
13.5 14 


-15 -15.3 
to to 
13.5 14 


V 


Full range 


-15 
to 
13.5 


-15 
to 
13.5 


-15 
to 
13.5 


Maximum positive peak 
OM + output voltage swing 


R L = 10 kn 


25°C 


13.8 14.1 


13.9 14.2 


14 14.3 


V 


Full range 


13.7 


13.8 


13.9 


Maximum negative peak 
0M " output voltage swing 


25"C 


-13.7 -14.1 


-13.7 -14.1 


-13.7 - 14.1 


V 


Full range 


-13.6 


-13.6 


-13.6 


Large-signal differential 
VD voltage amplification 


V Q = ±10V, R L = 10 102 


25°C 


0.4 2 


0.8 4 


1 7 


WuV 


Full range 


0.4 


0.8 


1 


Common-mode 
CMRR . . 

rejection ratio 


V IC ■ v ICR min . Rs = 50£1 


25°C 


92 102 


94 105 


97 108 


dB 


Full range 


88 


90 


93 


Supply-voltage rejection 
k SVR ratio(AV cc± /AV| ) 


V CC± = ±2.5Vto±15V 


25°C 


98 112 


100 115 


103 117 


dB 


Full range 


93 


95 


98 


Supply current 


V = 0, No load 


25°C 


940 1200 


940 1200 


940 1200 


uA 


Full range 


1200 


1200 


1200 


Supply current change over 
A| CC operating temperature range 


Full range 


20 


20 


20 


uA 



tFull range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observedthrough 168hoursofoperatinglifetestatTA= 150°C extrapolated to T/y = 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 



operating characteristics at specified free-air temperature, VqC = 5 v (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A 


TLE2024 


TLE2024A 


TLE2024B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rale at unity gain 


V = 1 V to 3 V, See Figure 1 


25°C 


0.5 


0.5 


0.5 


V/us 


Equivalent input noise 
" voltage (see Figure 2) 


f = 10 Hz 


25°C 


21 50 


21 50 


21 50 


nV/VRz 


f = 1 kHz 


25°C 


17 30 


17 30 


17 30 


Peak-to-peak equivalent 
input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.16 


0.16 


0.16 


M-V 


f = 0.1 to 10 Hz 


25°C 


047 


0.47 


0.47 


l n Equivalent input noise current 




25°C 


0.1 


0.1 


0.1 


pAA/Hz 


Bj Unity-gain bandwidth 




See Figure 3 


25°C 


1.7 


1.7 


1.7 


MHz 


♦m Phase margin at unity gain 


See Figure 3 


25°C 


47" 


47° 


47° 




operating characteristics at specified free-air temperature, Vqq + = ± 15 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


T A f 


TLE2024 


TLE2024A 


TLE2024B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


Vq - ± 10 V, See Figure 1 


25°C 


0.45 0.7 


0.45 0.7 


0.45 0.7 


V/ns 


Full range 


0.45 


0.45 


0.45 


Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hz 


25"C 


19 50 


19 50 


19 50 


nV/VHz 


f = 1 kHz 


25°C 


15 30 


15 30 


15 30 


Peak-to-peak equivalent 
^N(PP) j n p U t no i S e voltage 


f = 0.1 to 1 Hz 


25°C 


0.16 


0.16 


0.16 


nv 


f = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0,47 


l n Equivalent input noise current 




25"C 


0.1 


0.1 


0.1 


pAMHz 


Bi Unity-gain bandwidth 


See Figure 3 


25°C 


2.8 


2.8 


2.8 


MHz 


m Phase margin at unity gain 


See Figure 3 


25°C 


52° 


52° 


52° 





fFull range is 0°C to 70°C. 



electrical characteristics at specified free-air temperature, Vcc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2024 


TLE2024A 


TLE2022B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 








25"C 


1100 


850 


600 


uV 








Full range 


1300 


1050 


800 


«VIO 


Temperature coefficient of 
input offset voltage 








Full range 


2 


2 


2 


(iVfC 


Input offset voltage long-term 
drift (see Note 4) 


VlC ■ 


0, 


R s = 50 n 


25°C 


0.005 


0.005 


0.005 


uV/mo 


l|0 


Input offset current 








25°C 




0.6 


6 




0.5 


5 




0.4 


4 


nA 








Full range 


7 


6 


5 


'IB 


Input bias current 








25°C 


45 60 




40 


55 




35 


50 


nA 








Full range 


70 


65 


60 

















-0.3 







-0.3 







-0.3 
















25°C 


to 


to 




to 


to 




to 


to 






V ICR 


Common-mode input 




son 






3.5 


4 




3.5 


4 




3.5 


4 




V 


voltage range 


Rs ■ 




Full range 



to 

3.2 







to 

3.2 







to 

3.2 






VOH 


High-level output voltage 








25°C 


3.9 


4.2 




3.9 


4.2 




4 


4.3 




V 


R L = 


10 kn 




Full range 


3.7 


3.7 


3.8 




vol 


Low-level output voltage 




25°C 




07 


0.8 




0.7 


0.8 




0.7 


0.8 


V 








Full range 


0.95 


0.95 


0.95 


A VD 


Large-signal differential 


Vo • 


1.4 V to 4 V, 


R[_ = 10 kn 


25'C, 


0.2 


1.5 




0.3 


1.5 




0.4 


1.5 




V/uV 


voltage amplification 


Full range 


0.1 


0.1 


0.1 


CMRR 


Common-mode 


VlC ■ 


V|cr rnin, 


R s = 50 


25°C 


80 


90 




82 


92 




85 


95 




dB 


rejection ratio 


Full range 


80 


82 


85 


ksVR 


Supply-voltage rejection 


vcc 


= 5 V to 30 V 




25°C 


98 


112 




100 


115 




103 


117 




dB 


rabo(AV cc± /AV| ) 




Full range 


93 


95 


98 


ice 


Supply current 








25°C 




700 


1000 




700 


1000 




700 


1000 


uA 


v ■ 


2.5 V, 


No load 


Full range 


1000 


1000 


1000 


A| CC 


Supply current change over 
operating temperature range 


Full range 


30 


30 


30 


MA 



f Full range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T/^ = 150°C extrapolated to T^ = 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 



electrical characteristics at specified free-air temperature, Vqc ± = ± 15 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2024 


TLE2024A 


TLE2024B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


V|0 


Input offset voltage 




25°C 


1000 


750 


500 


nv 




Full range 


1200 


950 


700 


"VIO 


Temperature coefficient of 
input offset voltage 




Full range 


2 


2 


2 


u.WC 


Input offset voltage long-term 
drift (see Note 4) 


V|c =0. R s = 50O 


25°C 


0.006 


0.006 


0.006 


u.V/mo 


No 


Input offset current 




25 r C 




0.6 


6 




0.5 


5 




0.4 


4 


nA 




Full range 


7 


6 


5 


»IB 


Input bias current 




25°C 




50 


60 




45 


55 




40 


50 


nA 




Full range 


70 


65 


60 










-15 


-15.3 




- 15 


- 15.3 




- 15 


- 15.3 












25°C 


to 


to 




to 


to 




to 


to 






V ICR 


Common-mode input 


R s = 50 n 




13.5 


14 




13.5 


14 




13.5 


14 




V 


voltage range 


Full range 


-15 
to 
13.2 






-15 
to 
13.2 






- 15 
to 
13.2 






VOM + 


Maximum positive peak 




25°C 


13.8 


14.1 




13.9 


14.2 




14 


14.3 




V 


output voltage swing 


R|_ = 10 k£i 


Full range 


13.7 


13.7 


13.8 


v OM- 


Maximum negative peak 


25°C 


- 13.7 


-14.1 




-13.7 


-14.1 




- 13 7 


-14.1 




V 


output voltage swing 




Full range 


- 13.6 


-13.6 


- 13.6 






A VD 


Large-signal differential 


V = ±10V, R|_ = 10 kO 


25°C 


0.4 


2 




0.8 


4 




1 


7 




V/U.V 


voltage amplification 


Full range 


0.4 


0.8 


1 


CMRR 


Common-mode 


V IC = V ICR min . R S = 50 « 


25°C 


92 


102 




94 


105 




97 


108 




dB 


rejection ratio 


Full range 


88 


90 


93 


^SVR 


Supply-voltage rejection 


V CC± - ±25Vto±15V 


25°C 


98 


112 




100 


115 




103 


117 




dB 


ratio (AV CC± /AV| ) 


Full range 


93 


95 


98 


'cc 


Supply current 




25°C 




940 


1200 




940 


1200 




940 


1200 


uA 


Vq = 0, No load 


Full range 


1200 


1200 


1200 




Supply current change over 
operating temperature range 


Full range 


50 


50 


50 


pA 



tFull range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the inputoffset voltage shift observed through 1 68 hours of operating life test at T^ = 1 50°C extrapolated to T/\ - 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 



operating characteristics at specified free-air temperature, Vrjc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A 


TLE2024 


TLE2024A 


TLE2024B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


V = 1 V to 3 V, See Figure 1 


25°C 


0.5 


0.5 


0.5 


V/p.s 


Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hi 


25°C 


21 50 


21 50 


21 50 


nV/VFiz 


f = 1 kHz 


25°C 


17 30 


17 30 


17 30 


Peak-to-peak equivalent 
' ' input noise voltage 


f = 0.1 to1 Hz 


25°C 


0.16 


0.16 


0.16 


u.V 


f = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0.47 


l n Equivalent input noise current 




25°C 


0.1 


0.1 


0.1 


pA/VRz 


Bfl Unity-gain bandwidth 


See Figure 3 


25°C 


1.7 


1.7 


1.7 


MHz 


m Phase margin at unity gain 


See Figure 3 


25"C 


47° 


47° 


47° 




operating characteristics at specified free-air temperature, Vcc + = ± 15 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


T A * 


TLE2024 


TLE2024A 


TLE2024B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


V = ±10V, See Figure 1 


25°C 


0.45 0.7 


0.45 0.7 


0.45 0.7 


V/us 


Full range 


0.42 


0.42 


0.42 


Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hz 


25°C 


19 50 


19 50 


19 50 


nV/vTli 


f = 1 kHz 


25°C 


15 30 


15 30 


15 30 


Peak-to-peak equivalent 
N(PP) input noise voltage 


f = 0.1 to 1 Hz 


25"C 


0.16 


0.16 


0.16 


u.V 


f = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0.47 


l n Equivalent input noise current 




25°C 


0.1 


0.1 


0.1 


pA/VRz 


Bi Unity-gain bandwidth 


See Figure 3 


25°C 


2.8 


2.8 


2.8 


MHz 


0m Phase margin at unity gain 


See Figure 3 


25°C 


52° 


52° 


52° 





tFull range is - 40°C to 85°C. 



electrical characteristics at specified free-air temperature, Vrjc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2024 


TLE2024A 


TLE2024B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


V|q Input offset voltage 


V| C =0, R S = 50 a 


25°C 


1100 


850 


600 


U.V 


Full range 


1300 


1050 


800 


Temperature coefficient of 
"VIO j n p U t offset voltage 


Full rannp 


2 


2 


2 


u.V/°C 


Input offset voltage long-term 
drift (see Note 4) 


25°C 


0.005 


0.005 


0.005 


u.V/mo 


Innut nffspt rurrpnt 

1 iri ii ipu i u 1 1 l ouiiciii 


25°C 


0.6 6 


0.5 5 


0.4 4 


nA 


Full range 


10 


9 


8 


1 1 u ii ipu i uiaa v*ui im u 


25°C 


45 60 


40 55 


35 50 


nA 


Full range 


80 


75 


70 


Common-mode input 
voltage range 


Rs 50 £i 


25°C 


-0.3 
to to 
3.5 4 


-0.3 
to to 
3.5 4 


-0.3 
to to 
3.5 4 


v 


Full range 



to 

3.2 



to 
3 2 



to 
3 2 


Vqh High-level output voltage 


R L = 10 kfl 


25°C 


3.9 4.2 


3.9 4.2 




V 


Full range 


3.7 


3.7 


3.8 


Vol Low-level output voltage 


25°C 


0.7 0.8 


0.7 0.8 


0.7 0.8 


V 


Full range 


0.95 


0.95 


0.95 


Large-signal differential 
VD voltage amplification 


V D = 1.4 V to 4 V, R|_ = 10 kfi 


25°C 


0.2 1.5 


0.3 1.5 


0.4 1.5 


V/U.V 


Full range 


0.1 


0.1 


0.1 


Common-mode 
CMRR . . 

rejection ratio 


V IC " V ICR min . R S = 50 a 


25-C 


80 90 


82 92 


85 95 


dB 


Full range 


80 


82 


85 


Supply-voltage rejection 
k SVR ratio(AV cc /AV|o) 


V cc = 5 V to 30 V 


25°C 


98 112 


100 115 


103 117 


dB 


Full range 


93 


95 


98 


ICC Supply current 


V = 2.5 V, No load 


25°C 


700 1000 


700 1000 


700 1000 


uA 


Full range 


1000 


1000 


1000 


Supply current change over 
al CC operating temperature 


Full range 


50 


50 


50 


uA 



♦Full range is - 55°C to 1 25"C. 

NOTE 4: Typicalvaluesarebasedontheinputoffsetvoltageshiftobservedthrough 168hoursofoperatinglifetestatTA = 150°C extrapolated to Ta = 25°C using the Arrtienius equation 
and assuming an activation energy of 0.96 eV. 



electrical characteristics at specified free-air temperature, Vqc ± = ± 15 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'A 


TLE2024 


TLE2024A 


TLE2024B 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


V|0 


Input offset voltage 




25°C 


1000 


750 


500 


uV 




Full range 


1200 


950 


700 


"VIO 


Temperature coefficient of 
input offset voltage 




Full range 


2 


2 


2 


uV/°C 


Input offset voltage long-term 
drift (see Note 4) 


Vir = Rc ■ 50 £2 


25°C 


0.006 


0.006 


006 


U.V/IT10 


l|0 


Input offset current 




25°C 




0.6 


6 




0.5 


5 




0.4 


4 


nA 




Full range 


10 


9 


8 


■IB 


Input bias current 




25°C 




50 


60 




45 


55 




40 


50 


nA 




Full range 


80 


75 


70 










-15 


-15.3 




-15 


- 15.3 




- 15 


-15.3 












25°C 


to 


to 




to 


to 




to 


to 






V|CR 


Common-mode input 


Rs = 50 fi 




13.5 


14 




13.5 


14 




13.5 


14 




V 


voltage range 


Full range 


-15 
to 

13.2 






-15 
to 
13.2 






-15 
to 
13.2 






v OM + 


Maximum positive peak 




25°C 


13.8 


14.1 




13.9 


14.2 




14 


14.3 




V 


output voltage swing 


R L = 10 kn 


Full range 


13.7 


13.7 


13.8 


VOM- 


Maximum negative peak 


25°C 


-13.7 


-14.1 




-13.7 


-14.1 




-13.7 


-14.1 




V 


output voltage swing 




Full range 


-13.6 


-13.6 


-13.6 


*VD 


Large-signal differential 


V = ±10V, R|_ = 10 kn 


25°C 


0.4 


2 




0.8 


4 




1 


7 




V/uV 


voltage amplification 


Full range 


0.4 


0.8 


1 


CMRR 


Common-mode 


V IC - VicRmi". R S = 50 n 


25°C 


92 


102 




94 


105 




97 


108 




dB 


rejection ratio 


Full range 


88 


90 


93 


k SVR 


Supply-voltage rejection 


V CC± = ±25Vto±15 V 


25"C 


98 


112 




100 


115 




103 


117 




dB 


ratio(AV cc + /AV|o) 


Full range 


93 


95 


98 


!CC 


Supply current 




25°C 




940 


1200 




940 


1200 




940 


1200 


pA 


V G = 0, No load 


Full range 


1200 


1200 


1200 


Alec 


Supply current change over 
operating temperature range 


Full range 


85 


85 


85 


uA 



tFull range is - 55°C to 1 25°C. 

NOTE 4: Typical values are based on the inputoffsetvoltage shift observed through 168hoursofoperaanglifetestatT^- 150°C extrapolated to T^ = 25°C using the Arrhenius equation 
and assuming an activation energy of 0.96 eV. 



operating characteristics at specified free-air temperature, VqC = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A 


TLE2024 


TLE2024A 


TLE2024B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


V = 1 V to 3 V, See Figure 1 


25°C 


0.5 


0.5 


0.5 


V/us 


Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hz 


25°C 


21 


21 


21 


nV/VHi 


f = 1 kHz 


25"C 


17 


17 


17 


Peak-to-peak equivalent 
N ( p ") input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.16 


0.16 


0.16 


pV 


f = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0.47 


l n Equivalent input noise current 




25«C 


0.1 


0.1 


0.1 


pA/VHz 


Bj Unity-gain bandwidth 


See Figure 3 

, r 


25°C 


1.7 


1.7 


1.7 


MHz 


m Phase margin at unity gain 


See Figure 3 


25°C 


47" 


47° 


47° 




operating characteristics at specified free-air temperature, Vcc ± = ± 15 V (unless otherwise noted) 


PARAMETER 


TEST CONDITIONS 


T A t 


TLE2024 


TLE2024A 


TLE2024B 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate at unity gain 


Vq = ±10V, See Figure 1 


25°C 


0.45 0.7 


0.45 0.7 


0.45 0.7 


V/u.s 


Full range 


0.4 


0.4 


0.4 


Equivalent input noise 
n voltage (see Figure 2) 


f = 10 Hz 


25°C 


19 


19 


19 


nV/VHi 


f - 1 kHz 


25°C 


15 


15 


15 


Peak-to-peak equivalent 
N ( pp ) input noise voltage 


f = 0.1 to 1 Hz 


25°C 


0.16 


0.16 


0.16 


uV 


f = 0.1 to 10 Hz 


25°C 


0.47 


0.47 


0.47 


l n Equivalent input noise current 




25°C 


0.1 


0.1 


0.1 


pANHz 


Bi Unity-gain bandwidth 


See Figure 3 


25°C 


2.8 


2.8 


2.8 


MHz 


<p m Phase margin at unity gain 


See Figure 3 


25°C 


52° 


52° 


52" 





tFull range is - 55°C to 1 25°C. 



TLE2024, TLE2024A, TLE2024B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

QUAD OPERATIONAL AMPLIFIERS 



20 kn 

Vv\ 



5 V 



PARAMETER MEASUREMENT INFORMATION 

20 kn 



30 pF 
(see Note A) 




V 



20 kn 



15V 



15 V r 

30 pF J; 
(see Note A) I 



V 



20 k£2 



NOTE A: C|_ includes fixture capacitance, 
(a) SINGLE-SUPPLY 



Figure 1. Slew Rate Test Circuit 



(b) SPLIT-SUPPLY 



10 kn 



10 kfi 



2.5 V-" 



5 V 




V 



100 £2 



15 V 




■fc 

15 V 

100 n 



v 



100 n 

(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY 

Figure 2. Noise Voltage Test Circuit 
10 kn 10 kn 



v. 



100 n is^, V 
2 - 5V -l>l 



30 

(see Note 



-5 



Vo 



15V 



10 kn 



• 15 V 
30 
(see 
Note A) 



' r 

PF 4= 




Vo 



10 kn 



NOTE A: C[_ includes fixture capacitance. 

(a) SINGLE-SUPPLY (b) SPLIT-SUPPLY 

Figure 3. Unity-Gain Bandwidth and Phase Margin Test Circuit 
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TLE2024, TLE2024A, TLE2024B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
QUAD OPERATIONAL AMPLIFIERS 



PARAMETER MEASUREMENT INFORMATION 



5 V 



0.1 (IF f 10 kn 
V, — 1(- 



v 



V| — 



(see Note / 



-15 V 



j: 10 ka 



15 V r 

(see Note A) I 



V 



10 kn 



r 



NOTE A: Cl includes fixture capacitance 
(a) SINGLE-SUPPLY 



(b) SPLIT-SUPPLY 

Figure 4. Small-Signal Pulse Response Test Circuit 



typical values 



Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 
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EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

QUAD OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 
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TLE2024, TLE2024A, TLE2024B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
QUAD OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 
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DISTRIBUTION OF 
INPUT OFFSET VOLTAGE 




- 0.5 0.5 

V|q - Input Offset Voltage - uV 

Figure 5 
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Figure 6 



15 



< 

c 

I 



t 

3 

o 



-60 



50 



2-30 



TLE2024B 

INPUT BIAS CURRENT 
vs 
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|V )D | - Differential Input Voltage - V 

Figure 8 



tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2024, TLE2024A, TLE2024B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

QUAD OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 
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Figure 10 
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TLE2024B 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 
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Figure 11 
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Figure 12 



^Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various 
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TLE2024, TLE2024A, TLE2024B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
QUAD OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 
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Figure 13 
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Figure 15 
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Figure 16 



1 M 



tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2024, TLE2024A, TLE2024B 

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 

QUAD OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



TLE2024 

LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION and PHASE SHIFT 
vs 

FREQUENCY 
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Figure 17 
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Figure 19 
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Figure 20 



t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2024, TLE2024A, TLE2024B 
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION 
QUAD OPERATIONAL AMPLIFIERS 



TYPICAL 
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Figure 22 
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f Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2024B 

COMMON-MODE REJECTION RATIO 
vs 

FREQUENCY 
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See Figure 1 
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Figure 25 
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T A - Free-Air Temperature - °C 

Figure 26 
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See Figure 4 
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1 Da1a at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Figure 31 
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"^Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS 1 
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Figure 37 
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See Figure 3 
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Figure 38 

tData at high and low temperatures are applicable only within the rated operating tree-air temperature ranges ol the various devices. 



= 20 to 50 pF 
•4 



< 1 mA 



APPLICATION INFORMATION 

voltage-follower applications 

The TLE2024 circuitry includes input protection 
diodes to limit the voltage across the input 
transistors; however, no provision is made in the 
circuit to limit the current if these diodes are 
forward-biased. Note that this condition can occur 
when the device is operated in the voltage- 
follower configuration and driven with a fast, large- 
signal pulse. It is recommended that a feedback 
resistor be used to limit the current to a maximum 
of 1 mA to prevent degradation of the device. 
Also, remember that this feedback resistor will 
form a pole with the input capacitance of the 
device. For feedback resistor values greater than 
10 kn, this pole will degrade the amplifier's phase 

margin. This problem can be alleviated by adding a capacitor (20 pF to 50 pF) in parallel with the feedback 
resistor (see Figure 39). 

input characteristics 

The input of any unused amplifiers should be tied to ground to avoid possible oscillation. 




vcc- 

Figure 39. Voltage Follower 
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TLE2027, TLE2027A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 

D3440. MAY 1 990 - REVISED APRIL 1 991 



I available features 

I • Outstanding Combination of DC Precision 
and AC Performance: 
Unity-Gain Bandwidth ... 15 MHz Typ 

I V n 3.3 nV/VRz at f = 10 Hz Typ, 

2.5 nV/VRz at f = 1 kHz Typ 
V| ■ ■ • 25 jiV Max 

A V d- • ■ 45 V/(iV Typ, With R L = 2 k£2, 
19 V/jiV Typ, With R L = 600 Q. 

description 

The TLE2027 and TLE2027A contain innovative 
circuit design expertise and high-quality process 
control techniques to produce a level of ac 
performance and dc precision previously 
unavailable in single operational amplifiers. 
Manufactured using Texas Instruments state-of- 
the-art Excalibur process, these devices allow 
upgrades to systems that use lower-precision 
devices. 

In the area of dc precision, the TLE2027 and 
TLE2027A offer maximum offset voltages of 
100 uV and 25uV, respectively, common-mode 
rejection ratio of 131 dB (typ), supply voltage 
rejection ratio of 144 dB (typ), and dc gain of 
45 V/uV (typ). 

Ac performance is highlighted by a typical unity- 
gain bandwidth specification of 15 MHz, 55° of 
phase margin, and noise voltage specifications of 
3.3 nV/VRz and 2.5 nV/VRz at frequencies of 
10 Hz and 1 kHz, respectively. 

Both the TLE2027 and TLE2027A are available in a wide variety of packages, including the industry-standard 
8-pin small-outline version for high-density system applications. The C-suffix devices are characterized for 
operation from 0°C to 70°C. The l-suffix devices are characterized for operation from -40°C to 105°C. The 
M-suffix devices are characterized for operation over the full military temperature range of -55°C to 125°C. 



AVAILABLE OPTIONS 



T A 


V|q max 
AT 25'C 


PACKAGE 


SMALL- 
OUTLINE 

(D) 


CHIP 
CARRIER 

(FK) 


CERAMIC 
DIP 

(JG) 


METAL 
CAN 

(L) 


PLASTIC 
DIP 
(P) 


0°C to 
70°C 


25 uV 
100 uV 


TLE2027ACD 
TLE2027CD 








TLE2027ACP 
TLE2027CP 


- 40°C to 
105°C 


25 uV 
100 uV 


TLE2027AID 
TLE2027ID 








TLE2027AIP 
TLE2027IP 


- 55°C to 
125°C 


25 uV 
100 uV 


TLE2027AMD 
TLE2027MD 


TLE2027AMFK 
TLE2027MFK 


TLE2027AMJG 
TLE2027MJG 


TLE2027AML 
TLE2027ML 


TLE2027AMP 
TLE2027MP 



D packages are available taped and reeled. Add "R" suffix to device type, (e.g.. TLE2027ACDR). 



• Available in Standard-Pinout Small-Outline 

Package 

• Output Features Saturation Recovery 

Circuitry 

• Macromodels and Statistical Information 



LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

FREQUENCY 
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f - Frequency - Hz 



PRODUCTION DATA 

101 



contain Information 
date. Products conlotm to 
ol Taut Instruments 
not 



, Texas ^ 
Instruments 

POST OFFICE BOX 666303 • DALLAS. TEXAS 75265 



Copyright © 1 991 , Texas Instruments Incorporated 
On products compliant to MIL-STD-883, Class B. all 
parameters are tested unless otherwise noted. On all 

'"c'Vdo'to^ 

175 



TLE2027, TLE2027A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



D, JG, OR P PACKAGE 
(TOP VIEW) 
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symbol 




Pin 4 of the L package is in electrical 
contact with the case. 




OUT 
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TLE2027, TLE2027A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vqq + (see Note 1) 22 V 

Supply voltage, Vqq_ -22 V 

Differential input voltage (see Note 2) ±1.2 V 

Input voltage range, V| (any input) V CC± 

Input current, l| (each input) ±1 mA 

Output current, Iq ±50 mA 

Total current into terminal 50 mA 

Total current out of Vqc- terminal 50 mA 

Duration of short-circuit current at (or below) 25°C (see Note 3) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : C-suffix 0°C to 70°C 

l-suffix -40°C to 105°C 

M-suffix -55°C to 125°C 

Storage temperature range -65°C to 150°C 

Case temperature for 60 seconds: FK package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package 300°C 



NOTES: 1 . All voltage values, except differential voltages, are with respect to the midpoint between Vcc+ ar| d VCC- ■ 

2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if a differential input 
voltage in excess of approximately ±1 .2 V is applied between the inputs unless some limiting resistance is used. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 


DERATING FACTOR 


T A = 70"C 


^ = 105-0 


T A = 125°C 


POWER RATING 


ABOVE T A = 25°C 


POWER RATING 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


261 mW 


145 mW 


FK 


1375mW 


11.0mW/°C 


880 mW 


495 mW 


275 mW 


JG 


1050 mW 


8.4 mWre 


672 mW 


378 mW 


210 mW 


L 


650 mW 


5.2 mW/°C 


416 mW 


234 mW 


130 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 


360 mW 


200 mW 



recommended operating conditions 









C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Supply voltage, Vqq ± 


±4 


±22 


±4 


± 22 


± 4 


±22 


V 


Common-mode input voltage, V|c 




= 25=C 


- 11 


11 


- 11 


1 1 


-11 


11 


V 


t a 


= Full range 


-10.5 


10.5 


-10.4 


10.4 


-10.2 


10.2 


Operating free-air temperature, T A 





70 


-40 


105 


-55 


125 


°c 
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TLE2027C, TLE2027AC 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vrjc+ = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A t 


TLE2027C 


TLE2027AC 


UNIT 


MIN 


TYP MAX 


MIN 


TYP 


MAX 


VfO 


Input offset voltage 




« 

25°C 


20 100 




10 


25 


uV 




Full range 


145 


70 


a VIO 


Temperature coefficient of 
input offset voltage 




Full range 


0.4 1 




0.2 


1 


uV/°C 


Input offset voltage 
long-term drift (see Note 4) 


V| C = 0, R s = 50 £2 


25°C 


0.006 1 


0.006 1 


uV/mo 


to 


Input offset current 




25°C 


6 90 




6 


90 


nA 




Full range 


150 


150 


■|B 


Input bias current 




CO 


15 90 




15 


90 


nA 




Full range 


150 


150 










-11 


-13 


-11 


-13 












do u 


to 


to 


to 


to 






V ICR 


Common-mode input 


R s = 50 n 




11 


13 


11 


13 




V 


voltage range 


Full range 


-10.5 
to 
10.5 




-10.5 
to 
10.5 










R|_ = 600 n 


25°C 


10.5 


10.5 




v OM + 


Maximum positive peak 


Full range 


10 


10 


V 


output voltage swing 


R L = 2k£i 


25°C 


12 


12 






Full range 


11 


11 








Ri_ - 600 n 


25°C 


-10.5 


-13 


-10.5 


-13 






VOM- 


Maximum negative peak 


Full range 


-10 


-10 


V 


output voltage swing 


R L = 2kQ 


25°C 


-12 


-13.5 


-12 


-13.5 








Full range 


-11 


-11 








VQ = I 1 1 V, M|_ — £. Kii 


25°C 


5 


45 


10 


45 










Urt - + 1flU Ri - 9 VCt 
VQ = X IU v, ni — £. P<ai 


Full range 


2 


4 




A VD 


Large-signal differential 


V D = ±10V, R L = 1 k£2 


25°C 


3.5 38 


8 


38 




V/uV 


voltage amplification 


Full range 


1 


2.5 






V D = ±10 V, R L = 600 n 


25°C 


2 


19 


5 


19 










Pull iannp 

r Ull fall^cr 


0.5 


2 




c i 


Input capacitance 




25°C 


8 


8 


pF 


2 


Open-loop output impedance 


Iq = 


25°C 


50 


50 




CMRR 


Common-mode 


V IC = V|CRmin, 


25-C 


100 


131 


117 


131 




dB 


rejection ratio 


R s = 50 £2 


Full range 


98 


114 






V CC± = ±4 Vto±18V, 


25°C 


94 


144 


110 


144 






^SVR 


Supply-voltage rejection ratio 


R S - 50 n 




dB 


(AV CC± /AV| ) 


V CC± = ±4 Vto±18V, 
R s = 50 £i 


Full range 


92 


106 


'cc 


Supply current 


Vq = 0, No Load 


25°C 


3.8 5.3 




3.8 


4.7 


mA 


Full range 


5.6 


4.8 



"TFull range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T/\ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2027C, TLE2027AC 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc± = ± 15 V 



PARAMETER 


TEST CONDITIONS 


T A t 


TLE2027C 


TLE2027AC 


UNIT 


MIN 


TYP MAX 


MIN TYP MAX 


SR 


Slew rate at unity gain 


R L = 2kn, C L = 100 pF, 


25°C 


1.7 


2.8 




1.7 2.8 


V/us 


See Figure 1 


Full range 


1.2 


1.2 


v n 


Equivalent input noise 


R s = 100 n, f = 10 Hz 


25°C 




3.3 


8 


3.3 


4.5 


nV/VHz 


voltage (see Figure 2) 


R s = 1Q0 Q, f = 1 kHz 




2.5 


4.5 


2.5 


3.8 


V N(PP) 


Peak-to-peak equivalent 
input noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 




50 


250 


50 


130 


nV 




Equivalent input noise 


f = 10 Hz 


25°C 




1.5 


4 


1.5 


4 


pA/VHz 


In 


current 


f = 1 kHz 




0.4 


0.6 


0.4 


0.6 


THD 


Total harmonic distortion 


V D = ±10 V, A VD = 1, 
See Note 5 


25°C 


< 0.002% 


< 0.002% 




Bl 


Unity-gain bandwidth 
(see Figure 3) 


R L = 2kfl, C L = 100 pF 


25°C 


7 13 


9 13 


MHz 


B OM 


Maximum output-swing 
bandwidth 


R L = 2kn 


25°C 


30 


30 


kHz 


tm 


Phase margin at unity 
gain (see Figure 3) 


R L = 2kn, C L = 100 pF 


25°C 


55° 


55° 





tFull range is 0°C to 70°C. 

NOTE 5: Measured distortion of the source used in the analysis was 0.002%. 



180 



, Texas ^ 
Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



TLE2027I, TLE2027AI 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vrjc± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2027I 


TLE2027AI 


UNIT 


MIN 


TYP MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 




25°C 


20 100 




10 


25 


uV 




Full range 


180 


105 


«VIO 


Temperature coefficient of 
input offset voltage 




Full range 


0.4 1 




0.2 


1 


uV/°C 


Input offset voltage 
long-term drift (see Note 4) 


V| C =0, R s = 50 a 


25°C 


0.006 1 


0.006 1 


u.V/mo 


l| 


Input offset current 




25°C 


6 90 




6 


90 


nA 




Full range 


150 


150 




Input bias current 




25°C 


15 90 




15 


90 


nA 




Full range 


150 


150 










-11 


- 13 


-11 


-13 












25°C 


to 


to 


to 


to 






V|CR 


Common-mode input 


R s = 50 n 




11 


13 


11 


13 




V 


voltage range 


Full range 


- 10.4 
to 
10.4 




-10.4 
to 
10.4 










R|_ = 600£2 


25°C 


10.5 


10.5 




V M + 


Maximum positive peak 


Full range 


10 


10 


V 


output voltage swing 


R L = 2k£l 


25°C 


12 


12 






Full range 


11 


11 








R L - 600 n 


25°C 


- 10.5 


- 13 


-10.5 


- 13 






v OM- 


Maximum negative peak 


Full range 


- 10 


-10 


V 


output voltage swing 


R L = 2k£! 


25°C 


-12 


- 13.5 


-12 


- 13.5 








Full range 


-11 


-11 








Vq = ± 1 1 V, R L = 2 k£2 


25X 


5 


45 


10 


45 










vq - ± 10 V, H\_ = 2 ki2 


Full range 


2 


3.5 




A VD 


Large-signal differential 


V Q = ± 10 V, R L = 1 kfl 


25°C 


3.5 


38 


8 


38 




V/uV 


voltage amplification 


Full range 


1 


2.2 






Vq = ± 10 V, R L ■ 600 n 


25°C 


2 


19 


5 


19 










Full range 


0.5 


1.1 




c i 


Input capacitance 




25°C 


8 


8 


PF 


2 o 


Open-loop output impedance 


l = 


25°C 


50 


50 


£2 


CMRR 


Common-mode 


V IC = V|CRmin. 


25°C 


100 


131 


117 


131 




dB 


rejection ratio 


R s = 50 n 


Full range 


96 


113 


k SVR 


Supply-voltage rejection ratio 


V CC± - ±4Vto±18V, 
R s = 50 n 


25°C 


94 


144 


110 


144 




dB 


(AV CC± /AV| ) 


V CC± - ±4 Vto±18 V, 
Rs = 50 n 


Full range 


90 


105 


ice 


Supply current 


Vq = 0, No Load 


25"C 


3.8 5.3 




3.8 


4.7 


mA 


Full range 


5.6 


4.9 



TFull range is -40°C to 105°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2027I, TLE2027AI 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc± = ± 15 V 



PARAMETER 


TEST CONDITIONS 


T A t 


TLE2027I 


TLE2027AI 


UNIT 


MIN 


TYP MAX 


MIN TYP MAX 


SR 


Slew rate at unity gain 


R L = 2k£i, C L = 100 pF, 


25°C 


1.7 


2.8 




1.7 2.8 


V/us 


SeB Figur© 1 


Full rang© 


1.1 


1.1 


Vn 


Equivalent input noise 


R s = 100 n, f = 10 Hz 


25°C 




3.3 


8 


3.3 


4.5 


nV/VHz 




voltage (see Figure 2) 


Hs = 100 12, t = 1 kHZ 




2.5 


4.5 


2.5 


3.8 


V N(PP) 


Peak-to-peak equivalent 
input noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 




50 


250 


50 


130 


nV 


In 


Equivalent input noise 


f = 10 Hz 


25°C 




1.5 


4 


1.5 


4 


pA/Vfiz 


current 


f = 1 kHz 




0.4 


0.6 


0.4 


0.6 


THD 


Total harmonic distortion 


V = ±10V, A VD = 1, 
See Note 5 


25°C 


< 0.002% 


< 0.002% 




B1 


Unity-gain bandwidth 
(see Figure 3) 


R|_ = 2 k£i. C L = 100 pF 


25°C 


7 


13 




9 13 


MHz 


B OM 


Maximum output-swing 
bandwidth 


RL = 2kfl 


25°C 


30 


30 


kHz 


*m 


Phase margin at unity 
gain (see Figure 3) 


R L = 2kn, C L = 100 pF 


25°C 


55° 


55° 





TFull range is -40°C to 105°C. 

NOTE 5: Measured distortion of the source used in the analysis was 0.002%. 
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TLE2027M, TLE2027AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqc± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A t 


TLE2027M 


TLE2027AM 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP MAX 


VlO 


Input offset voltage 




25°C 




20 


100 




10 


25 


"V 




Full range 


200 


105 


«VIO 


Temperature coefficient of 
input offset voltage 




Full range 




0.4 


r 




0.2 


1" 


uV/°C 


Input offset voltage 
long-term drift (see Note 4) 


V|C = 0, R s = 50 Q 


25°C 




0.006 


r 




0.006 


1* 


u,V/mo 


iio 


Input offset current 




25°C 




6 


90 




6 


90 


nA 




Full range 


150 


150 


l| B 


Input bias current 




25°C 




15 


90 




15 


90 


nA 




Full range 


150 


150 








25°C 


-11 
to 


-13 
to 




- 11 
to 


-13 
to 






V ICR 


Common-mode input 


R s = 50 n 




11 


13 




11 


13 




V 


voltage range 


Full range 


-10.3 
to 
10.3 






-10.4 
to 
10.4 










R L = 600 £2 


25°C 


10.5 


10.5 




v OM + 


Maximum positive peak 


Full range 


10 


10 


V 


output voltage swing 


R L = 2k£l 


25°C 


12 


12 






Full range 


11 


11 








R L = 600 n 


25°C 


- 10.5 


-13 




-10.5 


-13 






VOM- 


Maximum negative peak 


Full range 


-10 


- 10 


V 


output voltage swing 


R L = 2k£l 


25°C 


-12 


-13.5 




- 12 


-13.5 








Full range 


- 11 


-11 








vq = ± n v, Hj_ = 2 kiz 


25 D C 


5 


45 




10 


45 








Large-signal differential 
voltage amplification 


V G = ±10 V, R L = 2kS2 


Full range 


2.5 


3.5 




A VD 


V = ±10V. R L = 1 kn 


25°C 


3.5 


38 




8 


38 




V/uV 




Full range 


1.8 


2.2 








VQ - I IU V, rl|_ = DUU iZ 


25°C 


2 


19 




5 19 




Ej 


Input capacitance 




25°C 


8 


8 


pF 


Zo 


Open-loop output impedance 


b = ° 


25°C 


50 


50 


n 


CMRR 


Common-mode 


V IC = V ICR min . 


25°C 


100 


131 




117 


131 




dB 


rejection ratio 


R s = 50 n 


Full range 


96 


113 


k SVR 


Supply-voltage rejection ratio 


V CC± = ±4 V tot 18 V, 
R s = 50 n 


25°C 


94 


144 




110 


144 




dB 


(AV CC± /AV| ) 


V CC± * ±4 Vto±18 V, 
R s = 50 n 


Full range 


90 


105 


ice 


Supply current 


Vq ■ 0, No Load 


25°C 




3.8 


5.3 




3.8 


4.7 


mA 


Full range 


5.6 


5 



*On products compliant to MIL-STD-883, Class B, this parameter is not production tested. 
tFull range is -55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty\ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2027M, TLE2027AW1 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



operating characteristics, Vcc± = ±15 V, T/v = 25°C (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2027M 


TLE2027AM 


UNIT 


II1M TVD ||AV 

MIN llr MAA 


il I M TVD IIAV 

MIN ITr MAA 


SR Slew rate at unity gain 


R|_ = 2k£l, Cl = 100 pF. 
See Figure 1 


25°C 


1.7 2.8 


1.7 2.8 


V/jis 


Full range 


1 


1 


y Equivalent input noise 
voltage (see Figure 2) 


R s = 100 £2, f = 10 Hz 


25°C 


3.3 8* 


3.3 4.5* 


nV/Vflz 


RS = 100 U, f = 1 kHz 


2.5 4.5* 


2.5 3.8* 


„ Peak-to-peak equivalent 
input noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


50 250* 


50 130* 


nV 


I Equivalent input noise 
current 


1 = 10 Hz 


25°C 


1.5 4* 


1.5 4* 


pAA/Hz 


f = 1 kHz 


0.4 0.6* 


0.4 0.6* 


THD Total harmonic distortion 


Vq = ± 10 V, Ayo = t, 
See Note 5 


25°C 


< 0.002% 


< 0.002% 




_ Unity-gain bandwidth 
(see Figure 3) 


R[_ = 2k£l, C L = 100 pF 


25°C 


7* 13 


9* 13 


MHz 


_ Maximum output-swing 
0M bandwidth 


R L = 2kfl 


25°C 


30 


30 


kHz 


Phase margin at unity 
gain (see Figure 3) 


R L = 2kn, C L = 100 pF 


25°C 


55° 


55° 





*On products compliant to MIL-STD-883, Class B, this parameter is not production 
iFull range is -55°C to 125°C. 

NOTE 5: Measured distortion of the source used in the analysis was 0.002%. 



PARAMETER MEASUREMENT INFORMATION 



vi — 




100 pF 



(see Note A) 

Figure 1. Slew Rate Test Circuit 



100 n 




Figure 2. Noise Voltage Test Circuit 




Figure 3. Unity-Gain Bandwidth and 
Phase Margin Test Circuit 

NOTE A: C L includes fixture capacitance. 



V, — 




-15 V C L : 

100 pF 
(see Note A) 



Figure 4. Small-Signal Pulse 
Response Test Circuit 
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TLE2027, TLE2027A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



PARAMETER MEASUREMENT INFORMATION 

typical values 

Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 

Initial estimates of parameter distributions 

In the on-going program of improving data sheets and supplying more information to our customer, Texas 
Instruments has added an estimate of not only the 'typical" values but also the spread around these values. 
These are in the form of distribution bars that show the 95% (upper) points and the 5% (lower) points from 
our characterization of the initial wafer lots of this new device type (see Figure 5). The distribution bars are 
shown at the points where data was actually collected. The 95% and 5% points are used instead of ±3 sigma 
since some of the distributions are not true Gaussian distributions. 

The number of units tested and the number of different wafer lots used are on all of the graphs where 
distribution bars are shown. As noted in Figure 5, there were a total of 835 units from 2 wafer lots. In this 
case, there is a very good estimate for the within-lot variability and a possibly poor estimate of the lot-to-lot 
variability. This will always be the case on newly released products since there will only be data available from 
a few wafer lots. 

The distribution bars are not intended to replace the minimum and maximum limits in the electrical tables. 
Each distribution bar represents 90% of the total units tested at a specific temperature. While 1 0% of the units 
tested fell outside any given distribution bar, this should not be interpreted to mean that the same individual 
devices fell outside every distribution bar. 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 

95% point on the distribution bar 

(5% of the devices fell above this point.) 



90% of the devices were within the upper 
and lower points on the distribution bar. 

5% point on the distribution bar 

(5% of the devices fell below this point.) 




2.5 I — =l 1 1 1 1 1 1 1 1 

-75 -50 -25 25 50 75 100 125 150 
T^ - Free-Air Temperature - °C 

Figure 5. Sample Graph with Distribution Bars 
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TLE2027, TLE2027A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 
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TLE2027, TLE2027A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICSt 



TLE2027 
DISTRIBUTION OF 
INPUT OFFSET VOLTAGE 
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■fData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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*Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 



APPLICATION INFORMATION 

macromodel Information 

Macromodel information provided was derived using PSpice® Parts 1 " model generation software. The Boyle 
macromodel (see Note 6) and subcircuit in Figures 44 and 45 were generated using the TLE2027 typical 
electrical and operating characteristics at 25°C. Using this information, output simulations of the following key 
parameters can be generated to a tolerance of 20% (in most cases): 



Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 



Gain-bandwidth product 

Common-mode rejection ratio 

Phase margin 

DC output resistance 

AC output resistance 

Short-circuit output current limit 



NOTE 6: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers", IEEE Journal 
of Solid-Stale Circuits. SC-9. 353 (1974). 



PSpice is a registered trademark of MicroSim Corporation. 
Parts is a trademark of MicroSim Corporation. 



Macromodels, simulation models, or oilier models 
provided by Tl, directly or indirectly, are not 
warranted by Tl as fully representing all ol the 
specifications and r 
semiconducl 
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macromodel Information (continued) 
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Figure 44. Boyle Macromodel 

.•ubckt TLE2027 12 3 4 5 
* 



cl 


11 


12 


4.003E-12 


c2 


6 


7 


20.00E-12 


dc 


5 


53 


dx 


da 


54 


5 


dx 


dip 


90 


91 


dx 


din 


92 


90 


dx 


dp 


4 


3 


dx 


egnd 


99 





poly{2) (3,0) (4,0) .5 .5 


fb 


7 


99 


poly (5) vb vc ve vlp vln 954 . 8E6 -1E9 1E9 1E9 -1E9 


ga 


6 





11 12 2.062E-3 


gem 





6 


10 99 531.3E-12 




10 


4 


dc 56.01E-6 


hi im 


90 





vlim IK 


qi 


11 


2 


13 qx 


q2 


12 


1 


14 qx 


r2 


6 


9 


100. 0E3 


rel 


3 


11 


530.5 


re2 


3 


12 


530.5 


rol 


13 


10 


-393.2 


re2 


14 


10 


-393.2 


ree 


10 


99 


3.571E6 


rol 


8 


5 


25 


ro2 


7 


99 


25 


rp 


3 


4 


8.013E3 


vb 


9 





dc 


vc 


3 


53 


dc 2.400 


ve 


54 


4 


dc 2.100 


vlim 


7 


8 


dc 


vlp 


91 





dc 40 


vln 





92 


dc 40 



model dx D (Ia=800 . 0E-18) 

model qx NPN (I s=800 . 0E-18 Bf=7.000E3) 

ends 

Figure 45. Macromodel Subcircuit 



Texas ^ 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



197 



TLE2027, TLE2027A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



APPLICATION INFORMATION 

voltage-follower applications 

The TLE2027 circuitry includes input protection diodes to limit the voltage across the input transistors; 
however, no provision is made in the circuit to limit the current if these diodes are forward-biased. Note that 
this condition can occur when the device is operated in the voltage-follower configuration and driven with a 
fast, large-signal pulse. It is recommended that a feedback resistor be used to limit the current to a maximum 
of 1 mA to prevent degradation of the device. Also, remember that this feedback resistor will form a pole with 
the input capacitance of the device. For feedback resistor values greater than 1 k£2, this pole will degrade 
the amplifier's phase margin. This problem can be alleviated by adding a capacitor (20 pF to 50 pF) in parallel 
with the feedback resistor (see Figure 46). 



C F = 20 to SO pF 




Figure 46. Voltage-Follower 

Input offset voltage nulling 

The TLE2027 series offers external null pins that can be used to further reduce the input offset voltage. The 
circuits of Figure 47 can be connected as shown if the feature is desired. If external nulling is not needed, 
the null pins may be left disconnected. 




(a) Standard Adjustment (b) Adjustment with Improved Sensitivity 

Figure 47. Input Offset Voltage Nulling Circuits 
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available features 

• Outstanding Combination of DC Precision 
and AC Performance: 
Gain-Bandwidth Product ... 80 MHz Typ 
V ... 3.3 nV/VRz at f = 10 Hz Typ, 
2.5 nV/VRz at f = 1 kHz Typ 
V| ... 25 jiV Max 

A VD • • • 45 V/|iV Typ, With R L = 2 kil, 
19 V/jiV Typ, With R L = 600 £2 

description 

The TLE2037 and TLE2037A combine innovative 
circuit design expertise and high-quality process 
control techniques to produce a level of ac 
performance and dc precision previously 
unavailable in single operational amplifiers. 
Using the Texas Instruments state-of-the-art 
Excalibur process, these devices allow upgrades 
to systems that use lower-precision devices. 

The TLE2037 and TLE2037A are decom- 
pensated versions of the TLE2027 and 
TLE2027A and are stable to a close-loop gain of 
5. In the area of dc precision, these parts offer 
maximum offset voltages of 1 00 u.V and 25 u.V, 
respectively, common-mode rejection ratio 
of 131 dB (typ), supply voltage rejection ratio of 
144 dB (typ), and dc gain of 45 V/uV (typ). 

The ac performance is highlighted by a typical 
gain-bandwidth product specification of 80 MHz, 
50° of phase margin, and noise voltage 
specifications of 3.3 nV/VRz and 2.5 nV/VRz at 
frequencies of 10 Hz and 1 kHz, respectively. 



Available in Standard-Pinout Small-Outline 
Package 

Output Features Saturation Recovery 
Circuitry 

Macromodels and Statistical Information 
Included 



LARGE-SIGNAL 
DIFFERENTIAL VOLTAGE AMPLIFICATION 
vs 

FREQUENCY 
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Both the TLE2037 and TLE2037A are available in a wide variety of packages, including the industry-standard 
8-pin small-outline version for high-density system applications. The C-suffix devices are characterized for 
operation from 0°C to 70°C. The l-suffix devices are characterized for operation from -40°C to 105°C. The 
M-suffix devices are characterized for operation over the full military temperature range of -55°C to 125°C. 

AVAILABLE OPTIONS 





V|q max 
AT 25°C 


PACKAGE 


SMALL- 
OUTLINE 
(D) 


CHIP 
CARRIER 
(FK) 


CERAMIC 
DIP 

(JG) 


METAL 
CAN 

(L) 


PLASTIC 
DIP 

(P) 


0°C to 
70°C 


25 uV 
100 |iV 


TLE2037ACD 
TLE2037CD 








TLE2037ACP 
TLE2037CP 


- 40°C to 
105°C 


25 uV 
100 U.V 


TLE2037AID 
TLE2037ID 








TLE2037AIP 
TLE2037IP 


-55°Cto 
125-C 


25 uV 
100 U.V 


TLE2037AMD 
TLE2037MD 


TLE2037AMFK 
TLE2037MFK 


TLE2037AMJG 
TLE2037MJG 


TLE2037AML 
TLE2037ML 


TLE2037AMP 
TLE2037MP 



D packages are available taped and reeled. Add "FT suffix to device type, (e.g., TLE2037ACDR). 



PRODUCTION DATA documents contain information 
current as of publication data. Products conform to 
specifications per the terms of Texas Instruments 
standard warranty. Production processing does not 
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EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION 
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D, JG, OR P PACKAGE 
(TOP VIEW) 

OFFSET N1 [ 1 U 8 3 OFFSET N2 
IN-[2 7]V CC + 
IN + [ 3 6 ] OUT 

VCC-C 4 5 ] NC 



NC - No internal connection 

symbol 

OFFSET N1 



OFFSET N2 




FK PACKAGE 
(TOP VIEW) 



NC ]4 
IN- ]5 

NC ]6 
IN+ ]7 

NC ]a 



l_ll_ll_ll M I 

3 2 1 20 19 



9 10 11 12 13 
i — ii — ii — li — ii— i 



NC 

V C C< 
NC 
OUT 
NC 




V C C- 



Pin 4 of the L package is in electrical 
contact with the case. 



I O O O 

O 2 Z Z 

o 
> 



OUT 
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TLE2037, TLE2037A 

EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION 
DECOMPENSATED OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, V C c+ (see Note 1) 22 V 

Supply voltage, Vqc_ ~ 22 v 

Differential input voltage (see Note 2) ±1.2 V 

Input voltage range, V| (any input) V CC± 

Input current, l| (each input) ±1 rnA 

Output current, Iq ±50 mA 

Total current into Vqc+ te rminal 50 mA 

Total current out of Vqc_ terminal 50 mA 

Duration of short-circuit current at (or below) 25°C (see Note 3) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, Ta.: C-suffix 0°C to 70°C 

l-suffix -40°C to 105°C 

M -suffix -55°C to 125°C 

Storage temperature range -65°C to 150°C 

Case temperature for 60 seconds: FK package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package 300°C 



NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc+ and V CC- ■ 

2. Differential voltages are at the noninverting input with respect to the inverting input. Excessive current will flow if a differential input 
voltage in excess of approximately ±1 .2 V is applied between the inputs unless some limiting resistance is used. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 



DISSIPATION RATING TABLE 



PACKAGE 


T A S 25"C 


DERATING FACTOR 


T A = 70°C 


T A = 105"C 


T A = 125"C 


POWER RATING 


ABOVE T A = 25-C 


POWER RATING 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


261 mW 


145 mW 


FK 


1375 mW 


11.0 mW/°C 


880 mW 


495 mW 


275 mW 


JG 


1050 mW 


8.4 mW/°C 


672 mW 


378 mW 


210 mW 


L 


650 mW 


5.2 mW/°C 


416 mW 


234 mW 


130mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 


360 mW 


200 mW 



recommended operating conditions 









C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 








Mm 


MAX 


MIN 


MAX 


MIN 


MAX 


Supply voltage, Vqc ± 


± 4 


±22 


± 4 


± 22 


± 4 


± 22 


V 


Common-mode input voltage, V|q 




= 25°C 


- 11 


11 


- 11 


11 


- 11 


11 


V 


t a 


= Full range 


- 10.5 


10.5 


- 10.4 


10.4 


- 10.2 


10.2 


Operating free-air temperature, T A 





70 


-40 


105 


-55 


125 


°c 
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TLE2037C, TLE2037AC 
EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION 
DECOMPENSATED OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vcc± = ± 15V(unlessotherwisenoted) 



PARAMETER 


TEST CONDITIONS 




TLE2037C 


TLE2037AC 


UNIT 


MIN 


TYP MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 




25°C 


20 100 




10 


25 


(iV 




Full rangG 


145 


70 


a VIO 


Temperature coefficient of 
input offset voltage 




Full range 


0.4 1 


0.2 1 


uV/°C 


Input offset voltage 
long-term drift (see Note 4) 


V| C = 0, R S = 50 n 


25°C 


0.006 1 




0.006 


1 


u,V/mo 


to 


Input offset current 




— 

25°C 


6 90 




6 


90 


nA 




Full range 


150 


150 


'IB 


Input bias current 




25°C 


15 90 




15 


90 


nA 




Full range 


150 


150 










-11 


- 13 


-11 


-13 












25°C 


to 


to 


to 


to 






V|CR 


Common-mode input 


R s = 50 £2 




11 


13 


11 


13 




V 


voltage range 


Full range 


-10.5 
to 
10.5 




-10.5 
to 
10.5 










R[_ = 600 n 


25°C 


10.5 


12.9 


10.5 


12 9 






VoM + 


Maximum positive peak 


Full range 


10 


10 


V 


output voltage swing 


R L = 2k£l 


25°C 


12 


13.2 


12 


13.2 








Full range 


11 


11 








R L = 600 n 


25°C 


-10.5 


-13 


-10.5 


- 13 






V M- 


Maximum negative peak 


Full range 


-10 


-10 


V 


output voltage swing 


R|_ = 2 kn 


25°C 


- 12 


- 13.5 


- 12 


- 13.5 








Full range 


- 11 


-11 








Vq = ± 1 1 V, R L = 2 k£2 


25°C 


5 


45 


10 


45 










VQ — X tU V, rt( — c. Y\\L 


Full range 


2 


4 






Large-signal differential 


Vq = ± 10 V, R|_ = 1 k£l 


25°C 


3.5 


38 


8 


38 




V/uV 


voltage amplification 


Full range 


1 


2.5 






V = ± 10 V, R[_ = 600 a 


25°C 


2 


19 


5 


19 










Full range 


0.5 


2 




c i 


Input capacitance 




25°C 


8 


8 




z o 


Open-loop output impedance 


to - e 


25°C 


50 


50 


a 


CMRR 


Common-mode 


V IC = V ICR min . 


25°C 


100 


131 


117 


131 




dB 


rejection ratio 


R s = 50 n 


Full range 


98 


114 


k SVR 


Supply-voltage rejection ratio 


V CC± - ±4Vto±18V, 
R S = 50 £2 


25°C 


94 


144 


110 


144 




dB 


(AV CC± /AV| ) 


V CC± ■ ±4 Vto±18 V, 
R s = 50 £2 


Full range 


92 


106 


'cc 


Supply current 


V Q = 0, No Load 


25°C 


3.8 5.3 




3.8 


4.7 


mA 


Full range 


5.6 


4.8 



tFull range is 0"C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION 
DECOMPENSATED OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc± = ± 15 V 



PARAMETER 


TEST CONDITIONS 




TLE2037C 


TLE2037AC 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP MAX 


SR 


Slew rate 


A\/D * 5 ' R L = 2kn ' 


25°C 


6 


7.5 




6 


7.5 




V/us 


C|_ = 100 pF, See Figure 1 


Full range 


5 


5 


Vn 


Equivalent input noise 


R s = 100 £2, f = 10 Hz 


25°C 




3.3 


8 




3.3 


4.5 


nV/VHz 


voltage (see Figure 2) 


R s = 100 £}, f = 1 kHz 




2.5 


4.5 




2.5 


3.8 


V N(PP) 


Peak-to-peak equivalent 
input noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 




50 


250 




50 


130 


nV 




Equivalent input noise 


f = 10 Hz 


25°C 




1.5 


4 




1.5 


4 


pAA/Hz" 


In 


current 


f = 1 kHz 




0.4 


0.6 




0.4 


0.6 


THD 


Total harmonic distortion 


Vq - ±10V, A VD = 5. 
See Note 5 


25°C 


< 0.002% 


< 0.002% 




Gain-bandwidth product 


f = 100 kHz, R|_ = 2 kn, 
C L = 100 pF 


25°C 


50 


76 




50 


76 




MHz 


Bom 


Maximum output-swing 
bandwidth 


R L = 2kn 


25°C 


80 


80 


kHz 




Phase margin 


R L = 2kQ, C L = 100 pF 


25°C 


50° 


50° 





TFull range is 0°C to 70°C. 

NOTE 5: Measured distortion of the source used in the analysis was 0.002%. 
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EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION 
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electrical characteristics at specified free-air temperature, Vqc± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


TA T 


TLE2037I 


TLE2037AI 


UNIT 


MIN TYP MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 




25°C 


20 100 




10 


25 


uV 




Full range 


180 


105 


«VIO 


Temperature coefficient of 
input offset voltage 




Full range 


0.4 1 




0.2 


1 


u.V/°C 


Input offset voltage 
long-term drift (see Note 4) 


V| C =0, R s = 50 n 


25°C 


0.006 1 


0.006 1 


uV/mo 


to 


Input offset current 




25°C 


6 90 




6 


90 


nA 




Full range 


150 


150 


l|B 


Input bias current 




25°C 


15 90 




15 


90 


nA 




Full range 


150 


150 










- 11 


- 13 


- 11 


- 13 












25°C 


to 


to 


to 


to 






V|CR 


Common-mocte input 


R s = 50 « 




11 


13 


11 


13 




V 


voltage range 


Full rannp 

PUII 1 al ly 


-10.4 
to 
10.4 


- 10.4 
to 
10.4 






R|_ = 600 n 


25°C 


10.5 


12.9 


10.5 


12.9 






V M + 


Maximum positive peak 


Pi ill ranno 
nun IcKlUC 


10 


10 


V 


output voltage swing 


r l = 2kn 


25°C 


12 


13.2 


12 


13.2 








run idiiyc 


11 


11 








R L - 600 £2 


25°C 


- 10.5 


-13 


- 10.5 


- 13 






v OM- 


Mnyimiim nonntiufi nciak 
i victAjr 1 1 u 1 1 1 iit?u,duvtj pcdf\ 


Pull rannp 
run i ai ly c 


-10 


- 10 


V 


output voltage swing 


r l = 2kn 


25°C 


-12 


-13.5 


-12 


-13.5 








Full range 


-11 


-11 








Vq = ± 1 1 V, R|_ = 2 kn 


25°C 


5 


45 


10 


45 










V Q = + 10V, R L = 2kfi 


Full range 


2.5 


3.5 




A VD 


Large-signal differential 


Vq = ±10V, R L = 1KQ 


25°C 


3.5 


38 


8 38 


V/U.V 


voltage amplification 


Full range 


1.8 


2.2 






Vq = ± 10 V, R[_ = 600 £} 


25°C 


2 


19 


5 


19 










Full range 


0.5 


1.1 




c i 


Input capacitance 




25°C 


8 


8 


PF 


*o 


Open-loop output impedance 


l = 


25°C 


50 


50 


a 


CMRR 


Common-mode 


V IC * v ICR min . 


25°C 


100 


131 


117 


131 




dB 


rejection ratio 


R s = 50 n 


Full range 


96 


113 






V CC+ - ±4 Vto±18 V, 


25°C 


94 


144 


110 


144 






k SVR 


Supply-voltage rejection ratio 


R s = 50 n 




dB 


(AV CC± /AV| ) 


V CC± = + 4Vto±18V, 
R s = 50 £2 


Full range 


90 


105 




Supply current 


V Q = 0, No Load 


25°C 


3.8 5.3 




3.8 


4.7 


mA 


Full range 


5.6 


4.9 



tFull range is -40°C to 105°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 



, Texas ^ 
Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



205 



TLE2037I, TLE2037AI 

EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION 
DECOMPENSATED OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vqc± = ± 1 5 V 



PARAMETER 


TEST CONDITIONS 




TLE20371 


TLE2037AI 


UNIT 


MIN TYP 


MAX 


MIN TYP MAX 


SR 


Slew rate 


A\/D = 5, R|_ = 2kn, 


25°C 


6 7.5 


6 7.5 


V/us 


C[_ = 100 pF, See Figure 1 


Full rsnQS 


4.7 


4.7 


v n 


Equivalent input noise 


R s = 100 £}, f = 10 Hz 


25°C 


3.3 


8 


3.3 


4.5 


nV/vHz 


voltage (see Figure 2) 


Rs = 100 a, f = 1 kHz 


2.5 


4.5 


2.5 


3.8 


V N(PP) 


Peak-to-peak equivalent 
input noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


50 


250 


50 


130 


nV 




Equivalent input noise 


f = 10 Hz 


25°C 


1.5 


4 


1.5 


4 


pA/Vfiz 


In 


current 


f = 1 kHz 


0.4 


0.6 


0.4 


0.6 


THD 


Total harmonic distortion 


V Q = ±10V, A V D - 5, 
See Note 5 


25°C 


< 0.002% 


< 0.002% 




Gain-bandwidth product 


f = 100 kHz. R L = 2kn, 
C L = 100 pF 


25-C 


50 76 


50 76 


MHz 


Bom 


Maximum output-swing 
bandwidth 


R L = 2kn 


25°C 


80 


80 


kHz 




Phase margin 


R[_ = 2 k£2, C|_ = 100 pF 


25°C 


50° 


50° 





TFull range is - 40°C to 105°C. 

NOTE 5: Measured distortion of the source used in the analysis was 0.002%. 
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electrical characteristics at specified free-air temperature, Vrjc± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


_ 4. 

TaT 


TLE2037M 


TLE2037AM 


UNIT 


MIN 


TYP 


MAX 


MIN TYP MAX 


VlO 


Input offset voltage 




25°C 




20 


100 




10 


25 


uV 




Full range 


200 


105 


«VIO 


Temperature coefficient of 
input offset voltage 




Full range 




0.4 


1* 




0.2 


1* 


u.V/°C 


Input offset voltage 
long-term drift (see Note 4) 


V| C = 0, R s = 50 n 


25°C 




0.006 


1 


0.006 1 


uV/mo 


ho 


Input offset current 




25°C 




6 


90 




6 


90 


nA 




Full range 


150 


150 


'IB 


Input bias current 




25°C 




15 


90 




15 


90 


nA 




Full range 


150 


150 










-11 


-13 




- 11 


-13 












25°C 


to 


to 




to 


to 






VlCR 


Common-mode input 


R s = 50 £2 




11 


13 




11 


13 




V 


voltage range 


Full range 


- 10.3 
to 
10.3 






-10.4 
to 
10.4 










R L = 60012 


25°C 


10.5 


12.9 




10.5 


12.9 






VONU 


Maximum positive peak 


Full range 


10 


10 


V 


output voltage swing 


R L = 2k£2 


25°C 


12 


13.2 




12 


13.2 








Full range 


11 


11 








R[_ = 600 a 


25°C 


- 10.5 


- 13 




- 10.5 


- 13 






v OM- 


Maximum negative peak 


Full range 


- 10 


- 10 


V 


output voltage swing 


R|_ « 2k£2 


25°C 


- 12 


- 13.5 




- 12 


- 13.5 








Full range 


- 11 


-11 








Vq = ± 1 1 V, R L = 2 kn 


25°C 


5 


45 




10 


45 








Large-signal differential 
voltage amplification 


V Q = ±10 V, R L = 2kn 


Full range 


2.5 


3.5 




A V D 


Vq = ±10 V, R L = 1 k£2 


25°C 


3.5 


38 




8 


38 




WuV 




Full range 


1.8 


2.2 








V = ±10V, R L = 600 n 


25°C 


2 


19 




5 


19 






Cj 


Input capacitance 




25°C 


8 


8 


pF 


*0 


Open-loop output impedance 


to = o 


25°C 


50 


50 


n 


CMRR 


Common-mode 


V IC - V|CRmin, 


25°C 


100 


131 




117 


131 




dB 


rejection ratio 


RS = 50 £2 


Full range 


96 


113 


k SVR 


Supply-voltage rejection ratio 


V CC± • ±4 V tot 18 V, 
Rs = 50 £2 


25°C 


94 


144 




110 


144 




dB 


(AV CC± /AV| ) 


V CC± = ±4Vto±18V. 
R s = 50 n 


Full range 


90 


105 


'cc 


Supply current 


V . 0, No Load 


25°C 




3.8 


5.3 




3.8 


4.7 


mA 


Full range 


5.6 


5 



*On products compliant to MIL-STD-883, Class B, this parameter is not production tested. 
tFull range is -55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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operating characteristics at specified free-air temperature, Vrjc± = ± 15 V 



PARAMETER 


TEST CONDITIONS 


T A t 


TLE2037M 


TLE2037AM 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR Slew rate 


A\/D = 5 . R L = 2kii ' 
C[_ = 100 pF, See Figure 1 


25°C 


6' 7.5 


6* 7.5 


V/us 


Full range 


4.4* 


4.4* 


Equivalent input noise 
^ voltage (see Figure 2) 


R s = 100 n, f = 10 Hz 


25°C 


3.3 8* 


3.3 4.5* 


nV/VHz 


Rs = 100 SI, f = 1 kHz 


2.5 4.5* 


2.5 3.8* 


Peak-to-peak equivalent 
^N(PP) j n p U t noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


50 250* 


50 130* 


nV 


Equivalent input noise 
n current 


f = 10 Hz 


25°C 


1.5 4* 


1.5 4* 


pAA/Hz 


f = 1 kHz 


0.4 0.6* 


0.4 0.6* 


THD Total harmonic distortion 


V = ±10V, A V D = 5, 
See Note 5 


25°C 


< 0.002% 


< 0.002% 




Gain-bandwidth product 


f = 100 kHz, R L = 2k£l, 
C L = 100 pF 


25°C 


50 76 


50 76 


MHz 


Maximum output-swing 
0M bandwidth 


R L = 2k£i 


25°C 


80 


80 


kHz 


m Phase margin 


R L = 2kn, C L = 100 pF 


25°C 


50° 


50° 





"On products compliant to MIL-STD-883, Class B, this parameter is not production tested. 
TFull range is - 55°C to 125°C. 

NOTE 5: Measured distortion of the source used in the analysis was 0.002%. 



PARAMETER MEASUREMENT INFORMATION 




100 pF 
(see Note A) 



100 SI 




NOTE A: C|_ includes fixture capacitance. 

Figure 1, Slew Rate Test Circuit 



Figure 2. Noise Voltage Test Circuit 
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PARAMETER MEASUREMENT INFORMATION 

typical values 

Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 

Initial estimates of parameter distributions 

In the on-going program of improving data sheets and supplying more information to our customer, Texas 
Instruments has added an estimate of not only the "typical" values but also the spread around these values. 
These are in the form of distribution bars that show the 95% (upper) points and the 5% (lower) points from 
our characterization of the initial wafer lots of this new device type (see Figure 3). The distribution bars are 
shown at the points where data was actually collected. The 95% and 5% points are used instead of ±3 sigma 
since some of the distributions are not true Gaussian distributions. 

The number of units tested and the number of different wafer lots used are on all of the graphs where 
distribution bars are shown. As noted in Figure 3, there were a total of 835 units from 2 wafer lots. In this 
case, there is a very good estimate for the within-lot variability and a possibly poor estimate of the lot-to-lot 
variability. This will always be the case on newly released products, since there will only be data available 
from a few wafer lots. 

The distribution bars are not intended to replace the minimum and maximum limits in the electrical tables. 
Each distribution bar represents 90% of the total units tested at a specific temperature. And, while 1 0% of 
the units tested fell outside any given distribution bar, this should not be interpreted to mean that the same 
individual devices fell outside every distribution bar. 



95% point on the distribution bar 

(5% of the devices fell above this point.) 



90% of the devices were within the upper 
and lower points on the distribution bar. 

5% point on the distribution bar 

(5% of the devices fell below this point.) 




2.5 I— 

-75 -50 -25 25 50 75 100 125 150 
TA - Free-Air Temperature - "C 

Figure 3. Sample Graph with Distribution Bars 
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TLE2037, TLE2037A 

EXCALIBUR LOW-NOISE HIGH-SPEED PRECISION 
DECOMPENSATED OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 

table of graphs 





FIGURE 


v IO 


Input offset voltage 


Distribution 


4 




Input offset voltage change 


vs 


Time after power on 


5 6 


ho 


Input offset current 


vs 


Temperature 




>IB 


Input bias current 


vs 
vs 


Common-mode input voltage 
Temperature 


3 
g 


h 


Input current 


vs 


Differential input voltage 


1 U 


v O(PP) 


Maximum peak-to-peak output voltage 


vs 


Frequency 


-j -j 


v OM 


Maximum peak output voltage 


vs 
vs 


Load resistance 
Temperature 


12, 13 

14, ID 






vs 


Supply voltage 


16 


AvD 


Large-signal differential 


vs 


Load resistance 


18 


voltage amplification 


vs 


Frequency 


1 T 1Q 

i /, iy 






vs 


Temperature 


20 




Output impedance 


vs 


Frequency 


21 


CMRR 


Common-mode rejection ratio 


vs 


Frequency 


22 


k SVR 


Supply voltage rejection ratio 


vs 


Frequency 


23 






vs 


Supply voltage 


OA OH 


'OS 


Short-circuit output current 


vs 


Time 


OR 07 
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■fData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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1"Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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^Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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"f Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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"fData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 

APPLICATION INFORMATION 



macromodel information 

Macromodel information provided was derived using PSpice® Parts 1 " model generation software. The Boyle 
macromodel (see Note 6) and subcircuit in Figures 42 and 43 were generated using the TLE2037 typical 
electrical and operating characteristics at 25°C. Using this information, output simulations of the following key 
parameters can be generated to a tolerance of 20% (in most cases): 



Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 



Gain-bandwidth product 

Common-mode rejection ratio 

Phase margin 

DC output resistance 

AC output resistance 

Short-circuit output current limit 



NOTE 6: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers", IEEE Journal 
of Solid-State Circuits, SC-9, 353 (1974). 



PSpice is a registered trademark of MicroSim Corporation. 
Parts is a trademark of MicroSim Corporation. 



Macromodel!, simulation models, or other models 
provided by Tl, directly or Indirectly, are not 
warranted by Tl as fully representing all of the 
specifications and operating characteristics of the 
semiconductor product to which the model relates. 
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macromodel information (continued) 
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APPLICATION INFORMATION 

input offset voltage nulling 

The TLE2037 series offers external null pins thai can be used to further reduce the input offset voltage. The 
circuit of Figure 44 can be connected as shown if the feature is desired. If external nulling is not needed, the 
null pins may be left disconnected. 




(a) Standard Adjustment (b) Adjustment with Improved Sensitivity 

Figure 44. Input Offset Voltage Nulling Circuits 
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available features 

Excellent Output Drive Capability 
V = ± 2.5 V Min at R L = 100 n, 

V CC± = ±5V 
V = ± 12.5 V Min at R L = 600 Q, 
VCC± = ±15V 

• Low Supply Current . . . 280 |xA Typ 

• High Unity-Gain Bandwidth ... 2.1 MHz Typ 

• High Slew Rate ... 3.4 V/u,s Typ 

• Macromodels Included 

description 

The TLE2061 , TLE2061 A, and TLE2061B are 
JFET-input, low-power, precision operational 
amplifiers manufactured using Texas Instruments 
Excalibur process. These devices combine 
outstanding output drive capability with low- 
power consumption, excellent dc precision, and 
wide bandwidth. 

In addition to maintaining the traditional JFET 
advantages of fast slew rates and low input bias 
and offset currents, the Excalibur process offers 
outstanding parametric stability over time and 
temperature. This results in a "precision" device 
remaining precise even with changes in 
temperature and over years of use. 

The TLE2061, TLE2061A, and TLE2061B are 
ideal choices for any application requiring 
excellent dc precision, high output drive, wide 
bandwidth, and low power consumption. 



Wide Operating Supply Voltage Range 

V CC± = ± 3.5 V to ± 20 V 
High Open-Loop Gain ... 280 V/mV Typ 
Low Offset Voltage ... 500 u.V Max 

Low Offset Voltage Drift With Time 
0.04 uV/mo Typ 

Low Input Bias Current ... 5 pA Typ 



MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE SWING 
vs 

LOAD RESISTANCE 
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AVAILABLE OPTIONS 
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TLE2061BMP 
TLE2061AMP 
TLE2061MP 



D packages are available taped and reeled. Add "R" suffix to device type, (e.g., TLE2061ACDR). 



PRODUCTION DATA documtnta contain informition currant it of m Copyright © 1991 , Texas Instruments Incorporated 
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description (continued) 

A variety of available package options includes small-outline and chip-carrier versions for high-density system 
applications. 

The C-suffix devices are characterized for operation from 0°C to 70°C. The l-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 
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8 ] NC 
7 ] V CC + 
6 ]OUT 
5 ] OFFSET N2 



FK PACKAGE 

(TOP VIEW) 

o o o o 
z z z z z 



NC ]4 
IN- ]5 

NC 
IN + 
NC 



l_ILJI_Jl_ll_l 

3 2 1 20 19 



9 10 11 12 13 
I — II — II — II — II — I 



18[ NC 

17 [ V CCl 
16 [ NC 
15 [ OUT 
14 [ NC 



O I O C\J o 

z o z z z 




VCC- 



Pin 4 of the L package is in electrical 
contact with the case. 



NC - No internal connection 



equivalent schematic 



Vcc. 




All component values are nominal. 
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TLE2061, TLE2061A, TLE2061B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^POWER OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, V C c + (see Note 1) 22 V 

Supply voltage, V cc _ -22 V 

Differential input voltage (see Note 2) ±44 V 

Input voltage range, V| (any input) V CC± 

Input current, l| (each input) ±1 mA 

Output current, Iq ±80 mA 

Total current into Vqq + terminal 80 mA 

Total current out of Vqq_ terminal 80 mA 

Duration of short-circuit current at (or below) 25°C (see Note 3) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T^: C-suffix 0°C to 70°C 

l-suffix -40°C to 85°C 

M-suffix -55°C to 125°C 

Storage temperature range -65°C to 150°C 

Case temperature for 60 seconds: FK package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package 300°C 



NOTES: 1 . All voltage values, except differential voltages, are with respect to the midpoint between Vfjc+ and V CC- ■ 

2. Differential voltages are at the noninverting input with respect to the inverting input. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 


DERATING FACTOR 


T A = 70°C 


T A = 85°C 


T A = 1 25°C 


POWER RATING 


ABOVE T A = 25°C 


POWER RATING 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


377 mW 


145 mW 


FK 


1375 mW 


11.0 mW/°C 


880 mW 


715 mW 


275 mW 


JG 


1050 mW 


8.4 mW/°C 


672 mW 


546 mW 


210 mW 


L 


650 mW 


5.2 mW/°C 


416 mW 


338 mW 


130 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 


520 mW 


200 mW 



recommended operating conditions 









C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Supply voltage, V cc± 


±3.5 


± 20 


± 3.5 


± 20 


±3.5 


± 20 


V 




v cc± 


= ±5V 


-1.6 


4 


- 1.6 


4 


-1.6 


4 




Common-mode input voltage, V|q 


V CC± 


= ± 15 V 


- 11 


13 


- 11 


13 


- 11 


13 


V 




v C c± 


= ± 20 V 


- 15 


16.5 


-15 


16.5 


- 15 


16.5 




Operating free-air temperature, T A 





70 


-40 


85 


- 55 


125 


°c 
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TLE2061C, TLE2061AC, TLE2061BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V cc + = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|Q Input offset voltage 


TLE2061C 


V| C = 0, R S = 50 £1 


25°C 


0.8 3.1 


mV 


Full range 


4 


TLE2061AC 


25°C 


0.6 2.6 


Full range 


3.5 


TLE2061BC 


25°C 


0.5 1.9 


Full range 


2.4 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


u.V/mo 


'lO Input offset current 


25°C 


1 


pA 


Full range 


0.8 


nA 


'IB Input bias current 


25°C 


3 


pA 


Full range 


2 


nA 


V ICR Common-mode input voltage range 




25°C 


-1.6 -2 
to to 
4 6 


V 


Full range 


- 1.6 
to 
4 


V 


v OM+ Maximum positive peak output voltage swing 


□ . in in 
n|_ - 1U KL2 


25°C 


3.5 3.7 


V 


Full range 


3.3 


Rl - ioon 


25°C 


2.5 3.1 


Full range 


2 


^OM- Maximum negative peak output voltage swing 


Q, _ 10 uo 
n[_ — lu rui 


25°C 


-3.7 -3.9 


y 


Full range 


-3.3 


r l = too n 


25°C 


-2 5 -2 7 


Full range 


-2 


A VD Large-signal differential voltage amplification 


Vq = ± 2.8 V, R L = 10 kfl 


25°C 


15 80 


V/mV 


Full range 


2 


V = 0to2V. R L = 100 n 


25°C 


0.75 45 


Full range 


0.5 


Vq = 0to-2V, R L = 100 n 


25°C 


0.5 3 


Full range 


0.25 


1 Input resistance 




25°C 


1012 


£2 


c i Input capacitance 




25°C 


4 


PF 


z o Open-loop output impedance 


l = 


25°C 


280 


CI 


CMRR Common-mode rejection ratio 


R s = 50 n, 
V IC ■ V ICR min 


25°C 


65 82 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AV CC + / AV, ) 


V CC± - ±5 Vto±20 V, 
R s = 50 £2 


25°C 


75 93 


dB 


Full range 


75 


'CC Supply current 


Vq = 0, No load 


25°C 


260 325 


uA 


Full range 


350 


Supply current change over 
operating temperature range 


Full range 


29 


uA 



T Full range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life testatT/\ ■ 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 



Texas ^ 
Instruments 

226 POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



TLE2061C, TLE2061AC, TLE2061BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T 4 t 
1 A 


MIN TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10 kfi, 


C L = 100 pF 


25°C 


2.2 3.4 


V/us 


(see Figure 1) 


Pi ill ranno 
nun I oi iyc 


2.1 


Vn 


Equivalent input noise voltage 


f = 10 Hz, 


R S = 100 n 


25°C 


59 


100 


nV/>/Hz 


(see Figure 2) 


f = 1 kHz. 


R s = 100 n 


25=C 


43 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1 


fA/VRz 


THD 


Total harmonic distortion 


A V D = 2, 
v O(PP) - 2 V, 


f = 10 kHz, 
R L = 10 kn 


25°C 


0.025% 




Bl 


Unity-gain bandwidth 


R L = 10k£J, 


C L = 100 pF 


25°C 


1.8 


MHz 


(see Figure 3) 


R|_ = 100 £2, 


C L = 100 pF 


25°C 


1.3 


Settling time 


0.1% 


25°C 


5 


PS 


0.01% 


25°C 


10 


B OM 


Maximum-output-swing 
bandwidth 


AvD = t 


R L = 10 kn 


25°C 


140 


kHz 


*m 


Phase margin at unity gain 


R L = 10k£J, 


C L - 100 pF 


25°C 


58° 




(see Figure 3) 


R L x 100 n, 


C L = 100 pF 


25°C 


75° 





♦Full range is 0°C to 70°C. 
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TLE2061C, TLE2061AC, TLE2061BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqc + = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|Q Input offset voltage 


TLE2061C 


V IC = °. R s = 50 n 


25°C 


0.6 3 


mV 


Full range 


3.9 


TLE2061AC 


25°C 


0.5 1.5 


Full range 


2.5 


TLE2061BC 


25°C 


0.3 0.5 


Full range 


1 


°VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


'lO Input offset current 


25°C 


2 


pA 


Full range 


1 


nA 


'lB Input bias current 


25°C 


4 


pA 


Full range 


3 


nA 


w 

IGH Common-mode input voltage range 




25°C 


-11 -12 
to to 
13 16 


V 


Full range 


-11 
to 
13 


V 


v OM+ Maximum positive peak output voltage swing 


Rl = 10 kn 


25°C 


13.2 13.7 


V 


Full range 


13 


RL = 600 £2 


25°C 


12.5 13.2 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


R|_ = 10 kn 


25°C 


-13.2 -13.7 


V 


Full range 


- 13 


R L = 600 £2 


25°C 


-12.5 -13 


Full range 


-12 


A VD Large-signal differential voltage amplification 


V = ±10V, R|_ = 10 k£i 


25°C 


30 230 


V/mV 


Full range 


20 


V = to 8 V, Rl = 600 $2 


25°C 


25 100 


Full range 


10 


V = Oto-8V, R L = 60012 


25°C 


3 25 


Full range 


1 


r i Input resistance 




25"C 


1012 


£2 


°i Input capacitance 




25°C 


4 


pF 


z o Open-loop output impedance 


l = 


25°C 


280 


£2 


CMRR Common-mode rejection ratio 


R s = 50 £2, 
V IC - V| C R min 


25"C 


72 90 


dB 


Full range 


70 


k SVR Supply-voltage rejection ratio (AV CC ± / AV| ) 


V CC± = ±5Vto + 15 V. 
R s = 50 £2 


25°C 


75 93 


dB 


Full range 


75 


'CC Supply current 


V = 0, No load 


25°C 


290 350 


MA 


Full range 


375 


Supply current change over 
operating temperature range 


Full range 


34 


uA 



tFull range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2061C, TLE2061AC, TLE2061BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^POWER OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A + 


MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10 kn, 


C L = 100 pF 


25"C 


2.6 


3.4 




V/u.s 


(see Figure 1) 


Full range 


2.5 




Equivalent input noise voltage 


f = 10 Hz, 


r s = 100 n 


25°C 




70 


100 


nVAffii 


(see Figure 2) 


f = 1 kHz, 


r s = 100 n 


25°C 




40 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


nv 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1.1 


fA/VRz 


THD 


Total harmonic distortion 


A V D = 2. 
v O(PP) = 2 V, 


f = 10 kHz, 
R|_ = 10 kn 


25°C 


0.025% 




Bl 


Unity-gain bandwidth 


R|_ = 10 kfl. 


C L = 100 pF 


25°C 


2 


MHz 


(see Figure 3) 


R|_ = 600 n. 


C L = 100 pF 


25°C 


1.5 


Settling time 


0.1% 


25°C 


5 


(IS 


0.01% 


25°C 


10 


Bom 


Maximum-output-swing 
bandwidth 


AvD = 


R[_ = 10 kn 


25°C 


40 


kHz 


*m 


Phase margin at unity gain 


R|_ - 10 kn, 


C L - 100 pF 


25°C 


60° 




(see Figure 3) 


r l = 600 n, 


C L = 100 pF 


25°C 


70° 





♦Full range is 0°C to 70°C. 
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TLE2061C, TLE2061AC, TLE2061BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqc + = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|Q Input offset voltage 


TLE2061C 


V| C =0, R s = 50 £1 


25°C 


0.6 3 


mV 


Full range 


3.9 


TLE2061AC 


25°C 


0.6 1.6 


Full range 


2.5 


TLE2061BC 


25°C 


0.3 0.5 


Full range 


1 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


u.V/mo 


' IO Input offset current 


25°C 


3 


PA 


Full range 


1 


nA 


'IB Input bias current 


25°C 


5 


PA 


Full range 


3 


nA 


v lCR Common-mode input voltage range 




25°C 


-15 -17 
to to 
16.5 21 


V 


Full range 


-15 
to 
16.5 


V 


v OM+ Maximum positive peak output voltage swing 


R[_ = 10 kn 


25°C 


18.2 18.7 


V 


Full range 


18 


Ri - 600 O 


25°C 


15 18.1 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


R[_ = 10 kn 


25°C 


-18.2 -18.7 


v 


Full range 


-18 


R|_ = 600 £2 


25°C 


-15 -18 


Full range 


-12 


A VD Large-signal differential voltage amplification 


V = ± 15 V, R L = 10 kn 


25°C 


30 280 


V/mV 


Full range 


20 


V o = 0to10V, R L = 600n 


25°C 


25 80 


Full range 


10 




25°C 


3 20 


Full range 


1 


r i Input resistance 




25°C 


10 12 


n 


c i Input capacitance 




25°C 


4 


PF 


z o Open-loop output impedance 


l = 


25°C 


280 


n 


CMRR Common-mode rejection ratio 


R s = 50 n, 
V IC ■ v ICR min 


25°C 


75 91 


dB 


Full range 


70 


k SVR Supply-voltage rejection ratio (AVqc ± ' AV|q) 


V CC± = ±5 Vto±20 V, 
R s = 50 n 


25°C 


75 93 


dB 


Full range 


70 


'CC Supply current 


V Q = 0, No load 


25°C 


300 375 


uA 


Full range 


400 


^Iqq Supply current change over 
operating temperature range 


Full range 


18 


uA 



fFull range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ > 150°C extrapolated 



to T/\ a 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2061C, TLE2061AC, TLE2061BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vqq ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10k£l, 


C L - 100 pF 


25°C 


2.8 


3.4 




V/(is 


(see Figure 1) 


Full range 


2.5 


v„ 


Equivalent input noise voltage 


f = 10 Hz, 


R s = 100 n 


25°C 




75 


100 


nV/VRz 


(see Figure 2) 


t = 1 kHz, 


R s = 100 n 


25°C 




40 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


p.V 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1.3 


fA/VRz 


THD 


Total harmonic distortion 


A VD = 2. 
V 0( pp) = 2 V, 


f = 10 kHz, 
R|_ = 10 k£2 


25°C 


0.025% 




Bl 


Unity-gain bandwidth 


R L = 10 k£l, 


C L = 100 pF 


25°C 


2.1 


MHz 


(see Figure 3) 


R|_ = 600 Q, 


C L = 100 pF 


25°C 


1.6 


Settling time 


0.1% 


25°C 


5 


us 


0.01% 


25°C 


10 


Bom 


Maximum-output-swing 
bandwidth 


AVD = 1. 


R L = 10 k£2 


25°C 


28 


kHz 




Phase margin at unity gain 


R|_ = 10 kn, 


C L = 100 pF 


25°C 


60° 




(see Figure 3) 


R L = 600 £2, 


C L = 100 pF 


25°C 


70° 





t Full range is 0°C to 70°C. 
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TLE2061I, TLE2061AI, TLE2061BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqq + = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|Q Input offset voltage 


TLE2061I 


V| C =0, R S = 50 Q 


25°C 


0.8 3.1 


mV 


Full range 


4.4 


TLE2061AI 


25°C 


0.6 2.6 


Full range 


3.9 


TLE2061BI 


25 : 'C 


0.5 1.9 


Full range 


2.7 


«VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


nV/mo 


' IO Input offset current 


25°C 


1 


pA 


Full range 


2 


nA 


'lB Input bias current 


25°C 


3 


PA 


Full range 


4 


nA 


"ICR C.nmmnn-mnfto innut vnltanp rannp 




25°C 


-1.6 -2 
to to 
4 6 


V 


Full range 


-1.6 
to 
4 


V 


v OM+ Maximum positive peak output voltage swing 


R[_ = 10 k£2 


25°C 


3.5 3.7 


V 


Full range 


3.1 


R[_ = 100S1 


25°C 


2.5 3.1 


Full range 


2 


v OM- Maximum negative peak output voltage swing 


R|_ • 10 k£l 


25°C 


-3.7 -3.9 


V 


Full range 


-3.1 


Rl » 100 £1 


25°C 


-2.5 -2 7 


Full range 


-2 


A VD Large-signal differential voltage amplification 


V Q = ±2.8V, R L = 10k£2 


25°C 


15 80 


V/mV 


Full range 


2 


V = 0to2 V, R|_ = 100 £2 


25°C 


0.75 45 


Full range 


05 


V = 0to-2V, R L = 100 n 


25°C 


0.5 3 


Full range 


0.25 


1 Input resistance 




25°C 


10 12 


£2 


c i Input capacitance 




25°C 


4 


PF 


z o Open-loop output impedance 


l = 


25°C 


280 


a 


CMRR Common-mode rejection ratio 


R s = 50 n, 
V IC = V ICR m ' n 


25°C 


65 82 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AVcc + ' &V\0) 


V CC± = ±5 Vto±20 V, 
R s = 50 a 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current 


V = 0, No load 


25°C 


280 325 


uA 


Full range 


350 


A\qq Supply current change over 
operating temperature range 


Full range 


29 


uA 



TuH range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2061I, TLE2061AI, TLE2061BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vcc± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10 kn. 


C L = 100 pF 


25°C 


2 2 


3.4 




V/us 


(see Figure 1) 


Full range 


1.7 


Vn 


Equivalent input noise voltage 


f = 10 Hz, 


R s = 100 n 


25°C 




59 


100 


nVNHz 


(see Figure 2) 


f = 1 kHz. 


r s = 100 n 


25»C 




43 


60 


VN(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 




In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1 


fA/VRz 


THD 


Total harmonic distortion 


A V D = 2. 
V (PP) = 2 V. 


f = 10 kHz, 
R L = 10k£J 


25°C 


0.025% 




Bl 


Unity-gain bandwidth 


R|_ = 10 kn, 


C L = 100 pF 


25°C 


1.8 


MHz 


(see Figure 3) 


R|_ = 100 £2, 


C L = 100 pF 


25°C 


1.3 


Settling time 


0.1% 


25°C 


5 


us 


0.01% 


25°C 


10 


Bom 


Maximum-output-swing 
bandwidth 


AvD = 


R L = 10 k£2 


25°C 


140 


kHz 


fm 


Phase margin at unity gain 


R L = 10 kn, 


C L = 100 pF 


25°C 


58° 




(see Figure 3) 


R L = 100 £2, 


C L = 100 pF 


25°C 


75° 





t Full range is - 40°C to 85°C. 
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TLE2061I, TLE2061AI, TLE2061BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
11POWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqc ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


TA^ 


MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2061I 


V| C =0, R s = 50 n 


25°C 


0.6 3 


mV 


Full range 


4.3 


TLE2061AI 


25°C 


0.5 1.5 


Full range 


2.9 


TLE2061BI 


25°C 


0.3 0.5 


Full range 


1.3 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


u.V/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


u,v7mo 


'lO Input offset current 


25°C 


2 


PA 


Full range 


3 


nA 


'IB Input bias current 


25-C 


4 


pA 


Full range 


5 


nA 


* l(~^R rnmmnn-mnrlo inni it unltano ranno 
i«n i in iui in iuuc iiipui vuiuayt; iciiiyt; 




25°C 


-11 -12 
to to 
13 16 


V 


Full range 


-11 
to 
13 


V 


v OM+ Maximum positive peak output voltage swing 


R|_ = 1 o kn 


25°C 


13.2 13.7 


V 


Full range 


13 


Rl = 600 n 


25-C 


12.5 13.2 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


Rl = 10 kn 


25°C 


-13.2 -13.7 


V 


Full range 


- 13 


Rl = 600 n 


25°C 


-12.5 -13 


Full range 


- 12 


A VD Large-signal differential voltage amplification 


v Q = ±iov, r l = 10 kn 


25°C 


30 230 


V/mV 


Full range 


20 


v Q = o to 8 v, Rl = 600 n 


25°C 


25 100 


Full range 


10 


V o = 0to-8V, R L = 600n 


25°C 


3 25 


Full range 


1 


r i Input resistance 




25°C 


1012 


Q 


c i Input capacitance 




25°C 


4 


PF 


*0 Open-loop output impedance 


to - o 


25°C 


280 


CI 


CMRR Common-mode rejection ratio 


R s = 50 Q, 
V IC - V ICR min 


25°C 


72 90 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AV CC ± / AV| Q ) 


V CC± = ±5Vto±15V, 
R s = 50 a 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current 


Vq = 0, No load 


25°C 


290 350 


pA 


Full range 


375 


a|qq Supply current change over 
operating temperature range 


Full range 


34 





tFull range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T/\ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2061I, TLE2061AI, TLE2061BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vcc± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


V 


MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R|_ = 10 kSJ, 


C L = 100 pF 


25°C 


2.6 


3.4 






(see Figure 1) 


Full range 


2.1 




Equivalent input noise voltage 


f = 10 Hz, 


r s = 100 n 


25°C 




70 


100 


n v/ \ nz 


(see Figure 2) 


f = 1 kHz, 


r s = 100 n 


25°C 




40 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


do U 


1.1 


U.V 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1.1 


fAWflz 


THD 


Total harmonic distortion 


A V D = 2. 
VO(PP) = 2 V, 


1 = 10 kHz, 
R|_ = 10 kfl 


25°C 


0.025% 




Bl 


Unity-gain bandwidth 


R L = 10 kn, 


C L = 100 pF 


25°C 


2 


MHz 


(see Figure 3) 


R L = 600 Si, 


C L = 100 pF 


25°C 


1.5 


Settling time 


0.1% 


25°C 


5 




0.01% 


25°C 


10 


Bom 


Maximum-output-swing 
bandwidth 


AVD = 1. 


r l = 10 kn 


25°C 


40 


kHz 


Km 


Phase margin at unity gain 


R[_ = 10 kfl, 


C L = 100 pF 


25°C 


60" 




(see Figure 3) 


R L = 600 Q, 


C L = 100 pF 


25°C 


70° 





r Fuli range is - 40°C to 85°C. 
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TLE2061I, TLE2061AI, TLE2061BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqq ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


V 


MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2061I 


V lC " °. R S = 50 £2 


25°C 


0.6 3 


mV 


Full range 


4.3 


TLE2061AI 


25°C 


0.6 1.6 


Full range 


2.9 


TLE2061BI 


25°C 


0.3 0.5 


Full range 


1.3 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


'lO . Input offset current 


25°C 


3 


pA 


Full range 


3 


nA 


'IB Input bias current 


25°C 


5 


pA 


Full range 


5 


nA 


^ICR Common-mode input voltage range 




25°C 


-15 -17 
to to 
16.5 21 


V 


Full range 


-15 
to 
16.5 


V 


v OM+ Maximum positive peak output voltage swing 


R L = 10 kn 


25°C 


18.2 18.7 


V 


Full range 


18 


R L = 600 £2 


25°C 


15 18.1 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


R|_ = 10 kfi 


25°C 


-18.2 -18.7 


V 


Full range 


- 18 


R|_ = 600 £2 


25°C 


-15 -18 


Full range 


- 12 


*VD Large-signal differential voltage amplification 


V = ± 15 V, R L = 10k£2 


25°C 


30 280 


V/mV 


Full range 


20 


V o = 0to10V, R L = 600£2 


25°C 


25 80 


Full range 


10 


V = to -10 V, R L = 600 £2 


25°C 


3 20 


Full range 


1 


r i Input resistance 




25°C 


10 lz 


£2 


c i Input capacitance 




25°C 


4 


PF 


z o Open-loop output impedance 


Iq = 


25"C 


280 


£2 


CMRR Common-mode rejection ratio 


R s = 50 £2, 
V IC - V ICR min 


25°C 


75 91 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AV^c ± ' A v IO) 


V cc± = ±5 Vto±20 V, 
R s = 50 £2 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current 


V G = 0, No load 


25 C 


300 375 


uA 


Full range 


400 


AIqq Supply current change over 
operating temperature range 


Full range 


36 


uA 



T Fuil range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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operating characteristics at specified free-air temperature, Vqc± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10 kn, 


C L = 100 pF 


25°C 


2.8 


34 




V/us 


(see Figure 1 ) 


Full range 


2.1 


Vn 


Equivalent input noise voltage 


f = 10 Hz, 


R s = 100 n 


25°C 




75 


100 


nV/VRz 


(see Figure 2) 


f = 1 kHz. 


R s = 100 n 


25°C 




40 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1.3 


fA/VHz 


THD 


Total harmonic distortion 


A V D - 2, 
VO(PP) = 2 V, 


f = 10 kHz, 

R L = 10 kn 


25°C 


0.025% 




B1 


Unity-gain bandwidth 


R|_ = 10 kn, 


C L = 100 pF 


25°C 


2.1 


MHz 


(see Figure 3) 


R L = 600 n. 


C L = 100 pF 


25°C 


1.6 


Settling time 


0.1% 


25°C 


5 


V* 


0.01% 


25°C 


10 


B OM 


Maximum-output-swing 
bandwidth 


A V D - 


R|_ = 10 kn 


25°C 


28 


kHz 


Km 


Phase margin at unity gain 


R|_ = 10 kn. 


C|_ = 100 pF 


25°C 


60" 




(see Figure 3) 


R|_ - 600 £2, 


C L = 100 pF 


25-C 


70° 





T Full range is - 40°C to 85°C. 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqq ± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T.t 

'A 


HIM TVD 1| * V 
rnlri ITr MAA 


1 IMIT 
UNI 1 


V|Q Input offset voltage 


TLE2061M 


V| C =0. R S = 50Q 




0.8 3.1 


mV 


Full range 


6 


TLE2061AM 


25°C 


0.6 2.6 


Full range 


4.6 


TLE2061BM 




0.5 1.9 


Full range 


3.1 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


nv/°c 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


U.V/ITIO 


'lO Input offset current 


25°C 


1 


PA 


Full range 


15 


nA 


'IS Input bias current 


25°C 


3 


PA 


Full range 


30 


nA 


V|CR Common-mode input voltage range 




25°C 


- 1 .6 - 2 
to to 
4 6 


V 


Full range 


— 1.6 
to 
4 


V 




R L = 10 kSJ 




3.5 3.7 


V 






Full range 


3 


v OM Maximum Positive peak 
output voltage swing 




R|_ = 600 a 


C.O \j 


2.5 3.6 


Full range 


2 




R L = 100 £2 


25°C 


2.5 3.1 


Fuil range 


2 




R|_ = 1 k£J 


25°C 


— 3.5 —3.9 


V 






Full range 


— 3 


v OM ^ ax ' mum negative peak 
output voltage swing 


FK, JG, and 
L packages 


R|_ = 600 n 


25°C 


— 2.5 — 3.5 


Full range 


— 2 


Dand P 
packages 


R L = 100 n 


25°C 


— 2.5 — 2.7 


f-i i II ra nno 
nuti idiiyt; 


_ 2 




Vq = ± 2.8 V, R L = 10 kn 


25°C 


15 80 


V/mV 






Full range 


2 


A VD Lar 9 e " si 9 na ' differential 
voltage amplification 


FK, JG, and 
L packages 


V D = to 2.5 V, R L = 600 O 


25°C 


1 65 


Full range 


0.5 


Vq = to - 2.5 V, Rl = 600 £2 


25"C 


1 16 


Full range 


0.5 


D and P 
packages 


V = 0to2V, R L = 100 n 


25 D C 


0.75 45 


Full range 


0.5 


V = 0to-2 V. R|_ = 100 £2 


25°C 


0.5 3 


Full range 


0.25 



r Full range is - 55°C to 1 25°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T A = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2061M, TLE2061AM, TLE2061BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
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electrical characteristics at specified free-air temperature, Vqq + = + 5 V (unless otherwise noted) 
(continued) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


r; Input resistance 




25°C 




n 


Cj Input capacitance 




25°C 


4 


pF 


z Open-loop output impedance 


to - o 


25=C 


280 


Q 


CMRR Common-mode rejection ratio 


R s = 50 n, 
V IC = V ICR min 


25°C 


65 82 


dB 


Full range 


60 


k SVR Supply-voltage rejection ratio (AVqc ± / AV|o) 


V CC± = ±5 Vto±20 V, 
R s = 50 n 


25°C 


75 93 


dB 


Full range 


65 


IqC Supply current 


Vq = 0, No load 


25°C 


280 325 


MA 


Full range 


350 


Supply current change over 

Alec 

operating temperature range 


Full range 


39 


ma 



T Full range is -55°C to 125°C. 



operating characteristics at specified free-air temperature, Vcc± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A 


MIN TYP MAX 


UNIT 


SR 


Slew rate at unity gain 
(see Figure 1) 


R L = 10 kn. C L = 100 pF 


25°C 


3.4 


V/us 


Vn 


Equivalent input noise voltage 


f = 10 Hz, R s = 100 n 


25°C 


59 


nV/VRI 


(see Figure 2) 


f = 1 kHz. R s = 100 £2 


25°C 


43 


VN(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


d» 


'n 


Equivalent input noise current 


f = 1 kHz 


2S"C 


1 


fA/VHz 


THD 


Total harmonic distortion 


A VD =2, f = 10 kHz, 
V (pp) = 2 V, R L = 10 kn 


25°C 


0.025% 




Bl 


Unity-gain bandwidth 


R[_ = 10 kn, C L = 100 pF 


25°C 


1.8 


MHz 


(see Figure 3) 


R L = 600 £2, C L = 100 pF 


25°C 


13 


Settling time 


0.1% 


25°C 


5 




0.01% 


25-C 


10 


Bom 


Maximum-output-swing 
bandwidth 


Avd = L R|_ = 10 kfl 


25-C 


140 


kHz 


0m 


Phase margin at unity gain 


R L = 10 kn, C L = 100 pF 


25°C 


58° 




(see Figure 3) 


R L = 600 n, C L = 100 pF 


25°C 


75° 
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electrical characteristics at specified free-air temperature, Vqq ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A T 


MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2061M 


v ic = °. r s = son 


25°C 


0.6 3 


mV 


Full range 


6 


TLE2061AM 


25°C 


0.5 1.5 


Full range 


3.6 


TLE2061BM 


25°C 


0.3 0.5 


Full range 


1.7 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


pV/mo 


'lO Input offset current 


25°C 


2 


pA 


Full range 


20 


nA 


'IB Input bias current 


25°C 


4 


PA 


Full range 


40 


nA 


V|CR Common-mode input voltage range 




25°C 


-11 -12 
to to 
13 16 


V 


Full range 


- 11 
to 
13 


V 


v OM+ Maximum positive peak output voltage swing 


R L = 10k£2 


25°C 


13 13.7 


V 


Full range 


12.5 


R L = 600 £1 


25°C 


12.5 13.2 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


R L = 10k£l 


25°C 


-13 -13.7 


V 


Full range 


- 12.5 


R|_ = 600 n 


25°C 


-12.5 -13 


Full range 


- 12 


A VD Large-signal differential voltage amplification 


Vq = ±10V, R L = 10 kn 


25°C 


30 230 


V/mV 


Full range 


20 


Vq = to 8 V, R L = 600 a 


25°C 


25 100 


Full range 


7 


V o = 0to-8V. R L = 600n 


25°C 


3 25 


Full range 


1 


r i Input resistance 




CO 


in12 
10 ' £ - 


£1 


c i Input capacitance 




25°C 


4 


pF 


z Open-loop output impedance 


Iq = o 


25°C 


280 


n 


CMRR Common-mode rejection ratio 


Rs = 50 £2, 
V IC = VicRmin 


25°C 


72 90 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AVqc ± ' AV|q) 


V CC± = ±5Vto±15V, 
R s = 50 £2 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current 


Vq = 0, No load 


25°C 


290 350 


MA 


Full range 


375 


^Iqq Supply current change over 
operating temperature range 


Full range 


46 


uA 



T Full range is - 55°C to 1 25°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T/\ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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operati ng characteristics at specified free-air temperature, Vrjc ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN 


TYP MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10 kn, 


C L - 100 pF 


25°C 


2 


3.4 


V/us 


(see Figure 1 ) 


Full range 


18 


Vn 


Equivalent input noise voltage 


f = 10 Hz, 


R s = 100 n 


25°C 


70 


nV/>/Hz 


(see Figure 2) 


f = 1 kHz, 


r s = 100 n 


25°C 


40 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


In 


Equivalent input noise current 


f = 1 kHz 


25"C 


1.1 


tA/VRz 


THD 


Total harmonic distortion 


A VD = 2. 
v O(PP) = 2 V, 


f = 10 kHz, 
R L = 10 kn 


25°C 


0.025% 




Bl 


Unity-gain bandwidth 


R L = 10 kn, 


C L = 100 pF 


25°C 


2 


MHz 


(see Figure 3) 


R L = 600 n, 


C L = 100 pF 


25°C 


1.5 


Settling time 


0.1% 


25°C 


5 


us 


0.01% 


25°C 


10 


BOM 


Maximum-output-swing 
bandwidth 


AVD = 1, 


r l = 10 kn 


25°C 


40 


kHz 




Phase margin at unity gain 


R|_ = 10 kn, 


C L = 100 pF 


25°C 


60° 




(see Figure 3) 


R|_ = 600 n, 


C L = 100 pF 


25°C 


70° 





T Full range is -55°C to 125°C. 
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electrical characteristics at specified free-air temperature, Vqc + = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta 1 


MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2061M 


V| C = 0, R S = 50 n 


25°C 


0.6 3 


mV 


Full range 


6 


TLE2061AM 


25°C 


0.6 1.6 


Full range 


3.6 


TLE2061BM 


25°C 


0.3 0.5 


Full range 


1.7 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


(iV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


p.V/mo 


'lO Input offset current 


25°C 


3 


pA 


Full range 


20 


nA 


'lB Input bias current 


25°C 


5 


PA 


Full range 


40 


nA 


^ICR Common-mode input voltage range 




25-C 


-15 -17 
to to 
16.5 21 


V 


Full range 


-15 
to 
16.5 


V 


v OM+ Maximum positive peak output voltage swing 


R|_ = 10 kn 


25°C 


18 18.7 


V 


Full range 


17.5 


R L = 600 n 


25°C 


15 18.1 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


Rl = 10 kn 


25°C 


-18 -18.7 


V 


Full range 


- 17.5 


R|_ a 600 SI 


25°C 


-15 -18 


Full range 


- 12 


A VD Large-signal differential voltage amplification 


V Q = ±15V, R[_ = 10 i<n 


25°C 


30 280 


WmV 


Full range 


20 


V o = 0to10V, R L = 600n 


25°C 


25 80 


Full range 


10 


Vq = to -10 V, R^ = 600 SI 


25°C 


3 20 


Full range 


1 


r i Input resistance 




25°C 




Q 


c i Input capacitance 




25°C 


4 


pF 


2 o Open-loop output impedance 


to - o 


25-C 


280 


SI 


CMRR Common-mode rejection ratio 


R s = 50 n, 
V IC - V ICR min 


25°C 


75 91 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AVqc + / AV|q) 


V CC± = ±5 Vto±20 V, 
Rs = 50 a 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current 


Vq = 0, No load 


25°C 


300 375 


uA 


Fuil range 


400 


AIqq Supply current change over 
operating temperature range 


Full range 


50 


HA 



tFull range is - 55°C to 1 25"C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 1 50°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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operating characteristics at specified free-air temperature, Vqc ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A 


MIM TV D MAY 
MIW llr M AA 


UNIT 


SR 


Slew rate at unity gain 
(see Figure 1) 


R L = 10 kn, 


C L = 100 pF 


25°C 


3.4 


V/us 


v„ 


Equivalent input noise voltage 


f = 10 Hz, 


r s = 100 n 


25°C 


75 


nV/VHi 


(see Figure 2) 


f = 1 kHz, 


Rs = 100 n 


25°C 


40 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


•n 


Equivalent input noise current 


f = 1 kHz 


— 

25°C 


1.3 


fA/vHz 


THD 


Total harmonic distortion 


A V D - 2. 
VO(PP) = 2 V, 


f = 10 kHz, 

R L = 10 kn 


25°C 


0.025% 




B1 . 


Unity-gain bandwidth 


R L = 10 k£2, 


C L = 100 pF 


25°C 


2.1 


MHz 


(see Figure 3) 


R L = 600 n. 


C L = 100 pF 


25°C 


16 


Settling time 


0.1% 


25°C 


5 




0.01% 


25°C 


10 


BOM 


Maximum-output-swing 
bandwidth 


AvD ■ 


R L = 10 kn 


25°C 


28 


kHz 


*m 


Phase margin at unity gain 


R|_ = 10 kn, 


C|_ - 100 pF 


25°C 


60° 




(see Figure 3) 


Rl - 600 n, 


C L = 100 pF 


25°C 


70° 
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TLE2061, TLE2061A, TLE2061B 

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

fiPOWER OPERATIONAL AMPLIFIERS 



PARAMETER MEASUREMENT INFORMATION 




NOTE A: C|_ includes fixture capacitance. 

Figure 1. Slew Rate Test Circuit 




Figure 2. Noise Voltage Test Circuit 




NOTE A: C\_ includes fixture capacitance. 

Figure 3. Unity-Gain Bandwidth and Phase Margin Test Circuit 

typical values 

Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 

Input bias and offset current 

At the picoamp bias current level typical of the TLE2061 , TLE2061 A, and TLE2061 B, accurate measurement 
of the bias current becomes difficult. Not only does this measurement require a picoammeter, but test socket 
leakages can easily exceed the actual device bias currents. To accurately measure these small currents, Texas 
Instruments uses a two-step process. The socket leakage is measured using picoammeters with bias voltages 
applied but with no device in the socket. The device is then inserted into the socket and a second test that 
measures both the socket leakage and the device input bias current is performed. The two measurements 
are then subtracted algebraically to determine the bias current of the device. 
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TYPICAL CHARACTERISTICS 

table of graphs 
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TYPICAL CHARACTERISTICS* 
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t Data at high and low temperatures are applicable only within the rated operating Iree-air temperature ranges of the various devices. 

Texas ^ 
Instruments 

246 POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



TLE2061, TLE2061A, TLE2061B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS* 



LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
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♦Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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f Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 1 ' 
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'Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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T Oata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 



APPLICATION INFORMATION 



macromodel information 



Macromodel information provided was derived using PSpice? Parts™ model generation software. The Boyle 
macromodel (see Note 5) and subcircuit in Figure 37 were generated using the TLE2061 typical electrical and 
operating characteristics at 25°C. Using this information, output simulations of the following key parameters 
can be generated to a tolerance of 20% (in most cases): 



Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 



Unity gain frequency 

Common-mode rejection ratio 

Phase margin 

dc output resistance 

ac output resistance 

Short-circuit output current limit 



NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, 'Macromodeling of Integrated Circuit Operational Amplifiers", IEEE Journal 

of Solid-state Circuits, sc-9. 353 (1974). 



Parts is a trademark of MicroSim Corporation. 

PSpice is a registered trademark of MicroSim Corporation. 



Macromodala, simulation modali, or other models provided byTI, directly _ 
or indirectly, are not warranted by Tl at lully representing all ol the _JFf« 
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APPLICATION INFORMATION 

macromodel information (continued) 



99 




OUT 



. aubokt TLE2061 12 3 4 5 

cl 11 12 1.457E-12 

c2 6 7 15.00E-12 

dc 5 53 dx 

da 54 5 dx 

dip 90 91 dx 

din 92 90 dx 

dp 4 3 dx 

agnd 99 poly(2) (3,0) (4,0) .5 .5 

fb 7 99 poly (5) vb vo v» vlp vln 4.357E6 -4E6 4E6 4E6 -4E6 

ga 6 11 12 188.5E-6 

gem 6 10 99 3.352E-9 

iss 3 10 dc 51.00E-6 

hlim 90 vlim IK 

jl 11 2 10 jx 

j2 12 1 10 jx 

r2 6 9 100. 0E3 

rdl 4 11 5.305E3 

rd2 4 12 5.305E3 

rol 8 5 280 

ro2 7 99 280 

rp 3 4 113. 2E3 

rss 10 99 3.922E6 

vb 9 dc 

vc 3 53 dc 2 

va 54 4 dc 2 

vlim 7 8 dc 

vlp 91 dc 50 

vln 92 dc 50 

.modal dx D (Is=800 . 0E-18 ) 

.model jx PJF(Ia=2.000E-12 Bata=423E-6 Vto=-l) 
.ends 



Figure 37. Boyle Macromodel and Subclrcuit 
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APPLICATION INFORMATION 

input characteristics 

The TLE2061, TLE2061A, and TLE2061B are specified with a minimum and a maximum input voltage that, 
if exceeded at either input, could cause the device to malfunction. 

Because of the extremely high input impedance and resulting low bias current requirements, the TLE2061, 
TLE2061A, and TLE2061B are well suited for low-level signal processing; however, leakage currents on 
printed circuit boards and sockets can easily exceed bias current requirements and cause degradation in 
system performance. It is a good practice to include guard rings around inputs (see Figure 38). These guards 
should be driven from a low-impedance source at the same voltage level as the common-mode input. 




Figure 38. Use of Guard Rings 



input offset voltage nulling 

The TLE2061 series offers external null pins that can be used to further reduce the input offset voltage. The 
circuit of Figure 39 can be connected as shown if the feature is desired. If external nulling is not needed, the 
null pins may be left disconnected. 




Figure 39. Input Offset Voltage Nulling 
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D3346, OCTOBER 1 989 - REVISED JANUARY 1991 



I available features 

| • Excellent Output Drive Capability . . . 
Vo = ± 2.5 V Min at Rl = 100 CI, 

V CC ± = ±5V 
I V = ± 12.5 V Min at R|_ = 600 Q, 

V CC± = ±15V 

• Low Supply Current ... 280 |iA Typ 
Per Amplifier 

• High Unity-Gain Bandwidth ... 2.1 MHz Typ 

• High Slew Rate ... 3.4 V/p.s Typ 

description 

The TLE2062, TLE2062A, and TLE2062B are 
JFET-input, low-power, precision operational 
amplifiers manufactured using Texas Instruments 
Excalibur process. These devices combine 
outstanding output drive capability with low- 
power consumption, excellent dc precision, and 
wide bandwidth. 

In addition to maintaining the traditional JFET 
advantages of fast slew rates and low input bias 
and offset currents, the Excalibur process offers 
outstanding parametric stability over time and 
temperature. This results in a "precision" device 
remaining precise even with changes in 
temperature and over years of use. 

The TLE2062, TLE2062A, and TLE2062B are 
ideal choices for any application requiring 
excellent dc precision, high output drive, wide 
bandwidth, and low power consumption. 

R|_ - Load Resistance - O. 



AVAILABLE OPTIONS 



T A 


V|o max 
AT 25°C 


PACKAGE 


SMALL- 
OUTLINE 

(D) 


CHIP 
CARRIER 

(FK) 


CERAMIC 
DIP 

(JG) 


METAL 
CAN 

(L) 


PLASTIC 
DIP 
(P) 


o°c 

to 

70°C 


1 mV 
2mV 
4 mV 


TLE2062ACD 
TLE2062CD 








TLE2062BCP 
TLE2062ACP 
TLE2062CP 


-40°C 

to 
85°C 


1 mV 
2mV 
4mV 


TLE2062AID 
TLE2062IO 








TLE2062BIP 
TLE2062AIP 
TLE2062IP 


-55°C 

to 
125°C 


1 mV 
2mV 
4mV 


TLE2062AMD 
TLE2062MD 


TLE2062AMFK 
TLE2062MFK 


TLE2062BMJG 
TLE2062AMJG 
TLE2062MJG 


TLE2062BML 
TLE2062AML 
TLE2062ML 


TLE2062BMP 
TLE2062AMP 
TLE2062MP 



D packages are available taped and reeled. Add "R" suffix to device type, (e.g., TLE2062ACDR). 



Macromodels Included 

Wide Operating Supply Voltage Range . . 
V CC± = ± 3.5 V to ± 20 V 

High Open-Loop Gain ... 280 V/mV Typ 

Low Offset Voltage ... 1 mV Max 

Low Offset Voltage Drift With Time . . . 
0.04 nV/mo Typ 

Low Input Bias Current ... 5 pA Typ 



MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE SWING 
vs 

LOAD RESISTANCE 




10 k 
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description (continued) 

A variety of available package options includes small-outline and chip carrier versions for high-density system 
applications. 

The C-suffix devices are characterized for operation from 0°C to 70°C. The l-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 



D, JG, OR P PACKAGE 
(TOP VIEW) 

1 U 8pV CC + 

2 7 ] 2 OUT 



1 OUT[ 
1 IN-[ 
1 IN + [ 

VCC-C 



6 ] 2 IN - 
5 ] 2 IN + 



FK PACKAGE 
(TOP VIEW) 

h- + 

o O o o o 

2 ^ Z > 2 
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1 IN ■ 
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NC ]8 



3 2 1 20 19 
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«[ 
14 [ NC 



NC 

2 OUT 

NC 
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I o + o 
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L PACKAGE 
(TOP VIEW) 

V C C + 




Pin 4 of the L package is in 
electrical contact with the case. 



NC - No internal connection 



equivalent schematic 




Component values are nominal. 
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TLE2062, TLE2062A, TLE2062B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER DUAL OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, Vcc+ (see Note 1) 22 V 

Supply voltage, V cc _ -22 V 

Differential input voltage (see Note 2) ±44 V 

Input voltage range, V| (any input) V CC± 

Input current, l| (each input) ±1 mA 

Output current, lg (each output) ±80 mA 

Total current into Vq^ + terminal 80 mA 

Total current out of Vqq_ terminal 80 mA 

Duration of short-circuit current at (or below) 25°C (see Note 3) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T^: C-suffix 0°C to 70°C 

l-suffix -40°C to 85°C 

M-suffix -55°C to 125°C 

Storage temperature range -65°C to 150°C 

Case temperature for 60 seconds: FK package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package 300°C 



NOTES: 1 . All voltage values, except differential voltages, are with respect to the midpoint between Vqc+ an d ^CC- • 

2. Differential voltages are at the noninverting input with respect to the inverting input. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25°C 


DERATING FACTOR 


T A = 70°C 


T A = 85°C 


T A = 125°C 


POWER RATING 


ABOVE T A = 25"C 


POWER RATING 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


377 mW 


145 mW 


FK 


1375 mW 


11.0 mW/°C 


880 mW 


715 mW 


275 mW 


JG 


1050 mW 


8.4 mW/°C 


672 mW 


546 mW 


210 mW 


L 


650 mW 


5.2 mW/°C 


416 mW 


338 mW 


130 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 


520 mW 


200 mW 



recommended operating conditions 







C-SUFFIX 


l-SUFFIX 


M-SUFFIX 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


UNIT 


Supply voltage, Vqc± 


± 3.5 


± 20 


±3.5 


± 20 


±3.5 


± 20 


V 




V CC± = ±5V 


-1.6 


4 


- 1.6 


4 


- 1.6 


4 




Common-mode input voltage, V|q 


V CC± = ± 15 V 


-11 


13 


- 11 


13 


- 11 


13 


V 




V CC± — — 20 V 


- 15 


16.5 


- 15 


16.5 


- 15 


16.5 




Operating free-air temperature, T A 





70 


-40 


85 


-55 


125 


°C 
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TLE2062C, TLE2062AC, TLE2062BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V cc + = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


'A 


M 1 M TV D UAV 
MIN llr MAA 


1 1 M IT 
UNI 1 


V|Q Input offset voltage 


TLE2062C 


V| C =0, R S = 50 n 


25°C 


1 5 


mV 


Full range 


5 9 


TLE2062AC 


25°C 


0.9 4 


Full range 


4.9 


TLE2062BC 


25°C 


0.7 3 


Full range 


3.9 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uW°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


u.V/mo 


'lO Input offset current 


25°C 


1 


pA 


Full range 


0.8 


nA 


'IB Input bias current 


25°C 


3 


pA 


Full range 


2 


nA 


V[CR Common-mode input voltage range 




25°C 


- 1 .6 - 2 
to to 
4 6 


V 


Full range 


- 1.6 
to 
4 


V 


v OM+ Maximum positive peak output voltage swing 


R L = 10 kQ 


25°C 


3.5 3.7 


V 


Full range 


3.3 


R|_ = ioo n 


25°C 


2 5 3.1 


Full range 


2 


v OM- Maximum negative peak output voltage swing 


R[_ = 10k£2 


25°C 


-3.7 -3.9 


V 


Full range 


-3.3 


r l = 100 n 


25°C 


-2.5 -2.7 


Full range 


- 2 


A VD Large-signal differential voltage amplification 


V = ±2.B V. R L = 10 kQ 


25°C 


15 80 


V/mV 


Full range 


2 


V D ■ 0to2V, R L = 100 n 


25°C 


0.75 45 


Full range 


0.5 


Vq = 0to-2V, R L = 100 n 


25°C 


0.5 3 


Full range 


0.25 


r i Input resistance 




25°C 


m12 


Si 


c i Input capacitance 




25 ! C 


4 


PF 


z o Open-loop output impedance 


l = 


25°C 


560 


n 


CMRR Common-mode rejection ratio 


R s = 50 n, 

V IC = V ICR min 


25°C 


65 82 


dB 


Full range 


65 


SVR Supply-voltage rejection ratio (AVqq + / AV|q) 


V CC± = ±5 Vto±20 V, 
R s = 50 n 


25=C 


75 93 


dB 


Full range 


75 


'CC Supply current (two amplifiers) 


V = 0, No load 


25°C 


560 620 


uA 


Full range 


635 


aJqq Supply current change over operating 
temperature range (two amplifiers) 


Full range 


26 


uA 



tFull range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T A = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2062C, TLE2062AC, TLE2062BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER DUAL OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vqc± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


A 


MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10 kn, 


C L = 100 pF 


25 : C 


2.2 


3.4 




V/us 


(see Figure 1) 


Full range 


2.1 


Vn 


Equivalent input noise voltage 


f = 10 Hz, 


R s = 100 fi 


25°C 




59 


100 


nV/vTTz 


(see Figure 2) 


f = 1 kHz, 


R s = 100 n 


25°C 




43 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f . 0.1 Hz to 10 Hz 


25°C 


1.1 


RV 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1 


IA/VHz 


THD 


Total harmonic distortion 


A V D " 2. 
VO(PP) - 2 V, 


f = 10 kHz, 
R L = 10 kn 


25°C 


0.025% 




EH 


Unity-gain bandwidth 


R|_ = 10 kn, 


C L = 100 pF 


25°C 


1.8 


MHz 


(see Figure 3) 


R|_ « 100 n, 


C L = 100 pF 


25°C 


1.3 


Settling time 


0.1% 


25°C 


5 


|W 


0.01% 


25°C 


10 


B OM 


Maximum-output-swing 
bandwidth 


AvD - t 


R|_ = 10 kn 


25°C 


140 


kHz 


#m 


Phase margin at unity gain 


R L = 10 kn, 


C L > 100 pF 


25°C 


58° 




(see Figure 3) 


R(_ = 100 n, 


C L . 100 pF 


25°C 


75° 





f Full range is 0°C to 70°C. 
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TLE2062C, TLE2062AC, TLE2062BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vrjc ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2062C 


V| C =0. R s = 50 n 


25°C 


0.9 4 


mV 


Full range 


4.9 


TLE2062AC 


25-C 


0.8 2 


Full range 


2.9 


TLE2062BC 


25°C 


0.5 1 


Full range 


1.9 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


u.V/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


nV/mo 


' IO Input offset current 


25°C 


2 


pA 


Full range 


1 


nA 


'IB Input bias current 


25°C 


4 


pA 


Full range 


3 


nA 


v ICfl Common-mode input voltage range 




25°C 


-11 -12 
to to 
13 16 


V 


Full range 


- 11 

to 
13 


V 


v OM+ Maximum positive peak output voltage swing 


p. _ m L-O 
H[_ = 1 U KAZ 


25-C 


13.2 13.7 


V 


Full range 


13 


r. — Ann o 
**L — oyu " 


25°C 


12.5 13.2 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


Ri - m kO 


25°C 


-13.2 -13.7 


V 


Full range 


- 13 


R L = 600 n 


25°C 


-12.5 -13 


Full range 


- 12 


A VD Large-signal differential voltage amplification 


V Q = ±10V, R L = 10 kil 


25°C 


30 230 


V/mV 


Full range 


20 


V D = to 8 V, R L = 600 n 


25°C 


25 100 


Full range 


10 


V o = 0to-8V, R L = 600n 


25°C 


3 25 


Full range 


1 


r i Input resistance 




25°C 


1012 


CI 


c i Input capacitance 




25°C 


4 


pF 


z o Open-loop output impedance 


Iq = 


25°C 


560 


n 


CMRR common-mode rejection ratio 


R s = 50 n, 
V IC = V ICR min 


25°C 


72 90 


dB 


Full range 


70 


k SVR Supply-voltage rejection ratio (AV CC ± / AV| D ) 


V CC± ■ ±5 Vto± 15 V, 
R s = 50 n 


25°C 


75 93 


dB 


Full range 


75 


'CC Supply current (two amplifiers) 


V = 0, No load 


25°C 


625 690 


MA 


Full range 


715 


AIqq Supply current change over operating 
temperature range (two amplifiers) 


Full range 


36 


uA 



f Full range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 



to T/\ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2062C, TLE2062AC, TLE2062BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER DUAL OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vcc± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


1 A 


MIN TYP MAX 


UNIT 


Slsw rats at unity gain 
(see Figure 1) 


R L = 10 kn, C L = 100 pF 


25°C 


2.6 3.4 


V/us 


Full range 


2.5 


Equivalent input noise voitage 
(see Figure 2) 


f = 10 Hz, Rs = 100 a 


25°C 


70 100 


nV/VRz 


f = 1 kHz, R s = 100 n 


25°C 


40 60 


Peak-to-peak equivalent input 
V N(PP) no j se voltage 


t = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


l n Equivalent input noise current 


f = 1 kHz 


25°C 


1.1 


(A/>/Hz 


THD Total harmonic distortion 


A VD = 2. f = 10 kHz, 
V (pp) = 2 V, R|_ ■ 1 kn 


25°C 


0.025% 




Unity-gain bandwidth 
1 (see Figure 3) 


R[_ = 10 kn, C L = 100 pF 


25°C 


2 


MHz 


R|_ = 600 n, C L = 100 pF 


25°C 


1.5 


Settling time 


0,1% 


25°C 


5 


us 


0.01% 


25°C 


10 


Maximum-output-swing 
° M bandwidth 


Ayo » 1i R|_ = 10 kn 


25°C 


40 


kHz 


Phase margin at unity gain 
(see Figure 3) 


R|_ = 10 kn, c L = 100 pF 


25°C 


60° 




R L = 600 n, C L = 100 pF 


25°C 


70° 



T Full range is 0°C to 70°C. 
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TLE2062C, TLE2062AC, TLE2062BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V cc + = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2062C 


V| C =0, R S ■ 50 £2 


25°C 


0.9 4 


mV 


Full range 


4.9 


TLE2062AC 


25°C 


0.8 2.6 


Full range 


3.5 


TLE2062BC 


25°C 


0.5 1.7 


Full range 


2.6 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


'lO Input offset current 


25°C 


3 


pA 


Full range 


1 


nA 


1 1 E3 Input bias current 


25°C 


5 


pA 


Full range 


3 


nA 


V ICR Common-mode input voltage range 




25°C 


-15 -17 
to to 
16.5 21 


V 


Full range 


- 15 

to 
16.5 


V 


v OM+ Maximum positive peak output voltage swing 


Rt - 1fl kO 
Ml = IU rAZ 


25°C 


18.2 18.7 


V 


Full range 


18 


Rj_ = 600 O. 


25°C 


15 18.1 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


r, - in kn 


25°C 


-18.2 -18.7 


V 


Full range 


- 18 


R L = 600 n 


25 C 


-15 -18 


Full range 


- 12 


A VD Large-signal differential voltage amplification 


Vq = ±15V. R|_ = 10 kn 


25°C 


30 280 


V/mV 


Full range 


20 


V o = 0to10V, R L = 600fi 


25°C 


25 80 


Full range 


10 


V o = 0to-10V, R L = 600Q 


25°C 


3 20 


Full range 


1 


r i Input resistance 




25°C 


1012 


n 


c i Input capacitance 




25°C 


4 


PF 


z o Open-loop output impedance 


Iq = 


25°C 


560 


n 


CMRR common-mode rejection ratio 


R s = 50 £2, 
V IC = V ICR min 


25°C 


75 91 


dB 


Full range 


70 


k SVR Supply-voltage rejection ratio (AV CC ± / AV| ) 


V CC± = ±5 Vto±20 V, 
R s = 50 n 


25°C 


75 93 


dB 


Full range 


70 


'CC Supply current (two amplifiers) 


V = 0, No load 


25°C 


660 730 


uA 


Full range 


750 


aIqq Supply current change over operating 
temperature range (two amplifiers) 


Full range 


41 


uA 



fFull range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2062C, TLE2062AC, TLE2062BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER DUAL OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vcc± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10 kfi, 


C L = 100 pF 


25°C 


2.8 


3.4 




V/U.S 


(see Figure 1) 


Full range 


2.5 


Vn 


Equivalent input noise voltage 


f = 10 Hz, 


R s = 100 £1 


25°C 




75 


100 


nV/VHz 


(see Figure 2) 


f = 1 kHz, 


r s = 100 n 


25°C 




40 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


U.V 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1.3 


fA/Vflz 


THD 


Total harmonic distortion 


A V D = 2. 
v O(PP) = 2 V, 


f = 10 kHz, 
R[_ = 10 kfl 


25°C 


0.025% 




B1 


Unity-gain bandwidth 


R L = 10 kn, 


C L = 100 pF 


25°C 


2.1 


MHz 


(see Figure 3) 


RL = 600 £2, 


C L = 100 pF 


25°C 


1.6 


Settling time 


0.1% 


25°C 


5 


M 


0.01% 


25°C 


10 


B OM 


Maximum-output-swing 
bandwidth 


AvD = ». 


R L = 10k£2 


25°C 


28 


kHz 




Phase margin at unity gain 


R L = 10 kfi, 


C L = 100 pF 


25°C 


60" 






(see Figure 3) 


R[_ = 600 n, 


C L = 100 pF 


25°C 


70' 





T Full range is 0°C to 70"C. 
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TLE2062I, TLE2062AI, TLE2062BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
jiPOWER DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V cc + = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2062I 


V|c =0, R s = 50 n 


25°C 


1 5 


mV 


Full range 


6.3 


TLE2062AI 


25°C 


09 4 


Full range 


5.3 


TLE2062BI 


25°C 


0.7 3 


Full range 


4.3 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


u.V/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


u.V/mo 


' 'lO Input offset current 


25°C 


1 


pA 


Full range 


2 


nA 


'|B Input bias current 


25°C 


3 


pA 


Full range 


4 


nA 


"ICR Common-mode input voltage range 




25°C 


-1.6 -2 
to to 
4 6 


V 


Full range 


- 1.6 
to 
4 


V 


v OM+ Maximum positive peak output voltage swing 


rt|_ — IU KiZ 


25°C 


3.5 3.7 


V 


Full range 


3.1 


□ , 1 aa r\ 

Hl = iwii 


25°C 


2.5 3.1 


Full range 


2 


v OM- Maximum negative peak output voltage swing 


ri[_ = iu r\iz 


25°C 


-3.7 -3.9 


y 


Full range 


-3.1 


R L « 100 n 


25°C 


-2.5 -2.7 


Full range 


-2 


A VD Large-signal differential voltage amplification 


V - ±2.8 V, R L = 10 k« 


25°C 


15 80 


V/mV 


Full range 


2 


Vq = 0to2 V, R L = 100 n 


25°C 


0.75 45 


Full range 


0.5 


V Q = 0to-2 V, R L = 100 n 


25 C 


0.5 3 


Full range 


0.25 


r i Input resistance 




25°C 


K>12 


n 


c i Input capacitance 




25°C 


4 


pF 


z o Open-loop output impedance 


Iq = o 


25°C 


560 


£2 


CMRR Common-mode rejection ratio 


R s ■ 50 n, 
V IC = V ICR min 


25"C 


65 82 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (A Vcc + ' AV IO> 


V CC± = ±5 Vto±20 V, 
R s = 50 n 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current (two amplifiers) 


V Q = 0. No load 


25°C 


560 620 


uA 


Full range 


640 


Supply current change over operating 
temperature range (two amplifiers) 


Full range 


54 


uA 



f Full range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T/^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2062I, TLE2062AI, TLE2062BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
■iPOWER DUAL OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vcc± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R|_ = 10 kn. 


C L = 100 pF 


25°C 


2 2 


34 




V/ps 


(see Figure 1 ) 


Full range 


1.7 




Equivalent input noise voltage 


f = 10 Hz, 


r s = 100 n 


25°C 




59 


100 


nV/VRz 


(see Figure 2) 


f = 1 kHz, 


R s = 100 n 


25°C 




43 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


pV 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1 


fA/vT?i 


THD 


Total harmonic distortion 


A V D - 2, 
V (PP) = 2 V, 


f = 10 kHz, 
R L = 10 k£l 


25°C 


0.025% 




*l 


Unity-gain bandwidth 


r l = 10 kn, 


C L = 100 pF 


25°C 


1.8 


MHz 


(see Figure 3) 


R L = 100 n, 


C L = 100 pF 


25°C 


1.3 


Settling time 


0.1% 


25°C 


5 


ps 


0.01% 


25°C 


10 


BOM 


Maximum-output-swing 
bandwidth 


AVD = 


R L = 10 kn 


25°C 


140 


kHz 




Phase margin at unity gain 


R L = 10 kn, 


C L = 100 pF 


25°C 


58" 




*m 


(see Figure 3) 


Rl = 100 n, 


C L = 100 pF 


25°C 


75'- 





t Full range is - 40°C to 85°C. 
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TLE2062I, TLE2062AI, TLE2062BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vrjc ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


TA f 


MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2062I 


V| C = 0, R S = 50 n 


25°C 


0.9 4 


mV 


Full range 


5.3 


TLE2062AI 


25°C 


0.8 2 


Full range 


3.3 


TLE2062BI 


25°C 


0.5 1 


Full range 


2.3 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


'lO Input offset current 


25°C 


2 


pA 


Full range 


3 


nA 


!|B Input bias current 


25°C 


4 


pA 


Full range 


5 


nA 


V|CR r,nmrnnn-m(irip innut voltanp rannp 
lun v_/ui i ii i ivji i ii iuuc nipui vuiiaijc iciiiyc 




25°C 


-11 -12 
to to 
13 16 


V 


Full range 


- 11 
to 
13 


V 


v OM+ Maximum positive peak output voltage swing 


R[_ = 10 kQ 


25°C 


13.2 13.7 


V 


Full range 


13 


R L = 600 n 


25°C 


12.5 13.2 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


r l = 10 i<n 


25°C 


-13.2 -13.7 


V 


Full range 


-13 


R(_ = 600 Q 


25°C 


-12.5 -13 


Full range 


- 12 


A VD Large-signal differential voltage amplification 


V = ± 10 V, R L = 10 kn 


25°C 


30 230 


V/mV 


Full range 


20 


V Q = to 8 V, R L = 600 n 


25°C 


25 100 


Full range 


10 


Vo = 0to-8V, Rl = 600£2 


25°C 


3 25 


Full range 


1 


H Input resistance 




25°C 


10 12 


£1 


c i Input capacitance 




25°C 


4 


pF 


z o Open-loop output impedance 


to - o 


25°C 


560 


n 


CMRR Common-mode rejection ratio 


R s = 50 n. 
V IC = V ICR min 


25°C 


72 90 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AVqc + 1 AV|q) 


V CC± - ±5 Vto±15 V, 
Rs = 50 a 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current (two amplifiers) 


V = 0, No load 


25°C 


625 690 


^A 


Full range 


720 


Supply current change over operating 
temperature range (two amplifiers) 


Full range 


74 


uA 



t Full range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2062I, TLE2062AI, TLE2062BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER DUAL OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vqc ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


Ft|_ = 10 k£J, 




> 100 pF 


25°C 


2.6 


3.4 




V/rs 


(see Figure 1) 


Full range 


2.1 


v„ 


Equivalent input noise voltage 


f = 10 Hz, 


Rs 


= 100 n 


25°C 




70 


100 


nV/^/Rz 


(see Figure 2) 


f = 1 kHz, 


Rs 


= 100 n 


25°C 




40 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uv 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1.1 


fA/VRz 


THD 


Total harmonic distortion 


A V D = 2. 
VO(PP) - 2V > 


f = 
Rl 


10 kHz, 

= 10 kn 


25°C 


0.025% 




B1 


Unity-gain bandwidth 


R|_ = 10 kn, 


c l 


= 100 pF 


25°C 


2 


MHz 


(see Figure 3) 


R[_ = 600 n, 


c l 


= 100 pF 


25°C 


1.5 


Settling time 


0.1% 


25°C 


5 


us 


0.01% 


25°C 


10 


B OM 


Maximum-output-swing 
bandwidth 


AvD « 1. 


Rl 


- 10 kn 


25°C 


40 


kHz 




Phase margin at unity gain 


R[_ = 10 kli, 


c l 


= 100 pF 


25 C 


60° 






(see Figure 3) 


R[_ = 600 £2, 




= 100 pF 


25°C 


70° 





T Full range is - 40°C to 85°C 
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TLE2062I, TLE2062AI, TLE2062BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V cc ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T.t 

T A 


M IM TV D MAY 


UNIT 


V|q Input offset voltage 


TLE2062I 


V| C = 0. R s = 50 £2 


25 D C 


0.9 4 


mV 


Full range 


5.3 


TLE2062AI 


25°C 


0.8 2.6 


Full range 


3.9 


TLE2062BI 


25°C 


0.5 1.7 


Full range 


3 


a VIO Temperature coefficient of input offset voltage 


Full range 


G 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


u.V/mo 


'lO Input offset current 


25°C 


3 


pA 


Full range 


3 


nA 


'IB Input bias current 


25°C 


5 


pA 


Full range 


5 


nA 


V|CR Common-mode input voltage range 




25°C 


- 15 - 17 
to to 
16.5 21 


V 


Full range 


- 15 
to 
16.5 


V 


v OM+ Maximum positive peak output voltage swing 


R[_ • 10 kn 


25°C 


18.2 18.7 


V 


Full range 


18 


R L = 600 n 


25°C 


15 18.1 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


R|_ = 10 kQ 


25°C 


— 18.2 — 18.7 


V 


Full range 


- 18 


R|_ = 600 n 


25°C 


— 15 — 18 


Full range 


— 12 


A VD Large-signal differential voltage amplification 


V Q = ±15 V, R|_ = 10 kn 


25°C 


30 280 


V/mV 


Full range 


20 


V o = 0to10V, R L = 600£J 


25°C 


25 80 


Full range 


10 


V o = 0to-10V, R L = 600n 


25°C 


3 20 


Full range 


1 


r i Input resistance 




25°C 


ml 2 
1 u 


Q 


°i Input capacitance 




25 D C 


4 


pF 


z o Open-loop output impedance 


l = 


25°C 


560 


<> 


CMRR Common-mode rejection ratio 


R s = so n, 

V|C = V|CR min 


25°C 


75 91 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AVqq + / AV|q) 


V cc± = ±5 Vto±20 V, 
R s = 50 n 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current (two amplifiers) 


Vq = 0, No load 


25°C 


660 730 


HA 


Full range 


755 


A| CC Supply current change over operating 
temperature range (two amplifiers) 


Full range 


82 





"•"Full range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T A = 150°C extrapolated 
to Ta = 25"C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2062I, TLE2062AI, TLE2062BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER DUAL OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vcc± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10k£l, 


C L = 100 pF 


25°C 


2.8 


3.4 




V/us 


(see Figure 1) 


Full range 


2.1 


v n 


Equivalent input noise voltage 


f = 10 Hz, 


r s = 100 a 


25°C 




75 


100 


nV/VHz 


(see Figure 2) 


f = 1 kHz, 


r s = 100 n 


25°C 




40 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


In 


Equivalent input noise current 


f = 1 kHz 


25 C C 


1.3 


TM/vnz 


THD 


Total harmonic distortion 


A V D = 2. 
V 0( pp) = 2 V, 


f = 10 kHz, 
R[_ = 10 kfl 


25°C 


0.025% 




Bl 


Unity-gain bandwidth 


R L » 10 k£2. 


C L = 100 pF 


25°C 


2.1 


MHz 


(see Figure 3) 


R L = 600 n, 


C L = 100 pF 


25°C 


1.6 


Settling time 


0.1% 


25°C 


5 


US 


0.01% 


25°C 


10 


Bom 


Maximum-output-swing 
bandwidth 


AVD - 1. 


R L = 10 kQ 


25°C 


28 


kHz 


<*>m 


Phase margin at unity gain 


Rl = 10 kn. 


C L = 100 pF 


25°C 


60° 




(see Figure 3) 


R|_ = 600 n, 


C L = 100 pF 


25°C 


70° 





tFull range is - 40°C to 85°C. 
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TLE2062M, TLE2062AM, TLE2062BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V cc + = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A * 


MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2062M 


V| C = 0, R s = 50 £2 


25°C 


1 5 


mV 


Full range 


7 


TLE2062AM 


25°C 


0.9 4 


Full range 


6 


TLE2062BM 


25°C 


0.7 3 


Full range 


5 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25-C 


0.04 


(iV/mo 


'lO Input offset current 


25°C 


1 


PA 


Full range 


15 


nA 


'IB Input bias current 


25°C 


3 


pA 


Full range 


30 


nA 


V ICR Common-mode input voltage range 




25°C 


-1.6 -2 
to to 
4 6 


V 


Full range 


- 1.6 
to 
4 


V 




Ft[_ = 10 kC2 


25'C 


3.5 3.7 


V 






Full range 


3 


v OM Maximum positive peak 
output voltage swing 


FK, JG, and 
L packages 


R|_ = 600 SI 


25'C 


2.5 3.6 


Full range 


2 


Dand P 
packages 


Ri_ = 1 oo n 


25°C 


2.5 3.1 


Full range 


2 




R|_ = 10 k£l 


25°C 


-3.5 -3.9 


V 






Full range 


-3 


v OM Maxlmum negative peak 
output voltage swing 


FK, JG, and 
L packages 


R|_ = 600 n 


25°C 


-2.5 -3.5 


Full range 


-2 


D and P 
packages 


R L = 100 n 


25°C 


-2.5 -2.7 


Full range 


-2 










1 5 80 


V/mV 


A VD L ar g e - si 9nal differential 
voltage amplification 


FK, JG, and 
L packages 


V = to 2.5 V, R L = 600 £J 


25°C 


1 65 


Full range 


0.5 


V = to - 2.5 V, R L = 600 £2 


25°C 


1 16 


Full range 


0.5 


DandP 
packages 


V = 0to2 V, R L = 100 n 


25°C 


0.75 4 5 


Full range 


0.5 


V = 0to-2 V, R L = 100 n 


25°C 


0.5 3 


Full range 


0.25 



tFull range is - 55°C to 1 25°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV, 



272 



Texas ^ 
Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



TLE2062M, TLE2062AM, TLE2062BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vrjc ± = ± 5 V (unless otherwise noted) 
(continued) 



DADAII CTCD 
rAHAMt 1 fcri 


tcqt nnuniTinwQ 


T.t 


kllKI TVD MAY 


1 1 MIT 
UNI 1 


rj input resistance 




25°C 


1012 


a 


Cj Input capacitance 




25°C 


4 


pF 


z Q Open-loop output impedance 


l = 


25°C 


560 


n 


CMRR Common-mode rejection ratio 


R s = 50 a 
V IC = V ICR min 


25°C 


65 82 


dB 


Full range 


60 


^SVR Supply-voltage rejection ratio (AVqc ± 1 AV|q) 


V cc± = ±5 Vto±20V, 
R s = 50 £} 


25°C 


75 93 


dB 


Full range 


65 


Ice Supply current (two amplifiers) 


Vq ■ 0. No load 


25°C 


560 620 


uA 


Full range 


650 


Supply current change over operating 
temperature range (two amplifiers) 


Full range 


72 


uA 



operating characteristics at specified free-air temperature, Vrjc± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10 k£l, C L = 100 pF 


25-C 


3.4 


V/jis 


(see Figure 1) 


Full range 






Equivalent input noise voltage 


f = 10 Hz, R s = 100 n 


25'C 


59 


nV/vHz 


v n 


(see Figure 2) 


f = 1 kHz, R s = 100 a 


25'C 


43 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


U.V 


'n 


Equivalent input noise current 


1 = 1 kHz 


25°C 


1 


fA/VRz 


THD 


Total harmonic distortion 


A V d = 2. f = 10 kHz, 
V (PP) = 2 V, R|_ = 10k£J 


25°C 


0.025% 




Bl 


Unity-gain bandwidth 


R(_ = 10 kn, C L = 100 pF 




1.8 


MHz 


(see Figure 3) 


R L = 600 n, C L . 100 pF 






Settling time 


0.1% 


25°C 


5 




0.01% 


25°C 


10 


B OM 


Maximum-output-swing 
bandwidth 


A VD = 1, R L = 10 k£l 


25°C 


140 


kHz 


#m 


Phase margin at unity gain 


R L = 10k£l, C L = 100 pF 


25°C 


58° 




(see Figure 3) 


R L = 600 n. C L = 100 pF 


25°C 


75° 





T Fu1l range is-55°C to 125°C. 



Texas ^ 
Instruments 

POST OFFICE BOX 655303 - DALLAS. TEXAS 75265 



273 



TLE2062M, TLE2062AM, TLE2062BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V C c ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2062M 


V| C =0, R s = 50 n 


25°C 


0.9 4 


mV 


Full range 


6 


TLE2062AM 


2S°C 


0.8 2 


Full range 


4 


TLE2062BM 


25°C 


0.5 1 


Full range 


3 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


'lO Input offset current 


25°C 


2 


pA 


Full range 


20 


nA 


'IB Input bias current 


25°C 


4 


pA 


Full range 


40 


nA 


.. 

V ICR Common-mode input voltage range 




25°C 


-11 -12 
to to 
13 16 


V 


Full range 


- 11 
to 
13 


V 


v OM+ Maximum positive peak output voltage swing 


p. - in ko 


25°C 


13 13.7 


V 


Full range 


12.5 


Ri - koo o 


25°C 


12.5 13.2 


Full range 


11 


v OM- Maximum negative peak output voltage swing 


Ri -10 kO 

nl — 1 \J r\ii 


25°C 


-13 -13.7 




Full range 


- 12.5 


R[_ = 600 n 


25°C 


-12.5 -13 


Full range 


- 11 


A VD Large-signal differential voltage amplification 


V - ±10V, R L = 10 k£l 


25°C 


30 230 


V/mV 


Full range 


20 


V = to 8 V, R L = 600 n 


25°C 


25 100 


Full range 


7 


V o = 0to-8V, R L = 600£2 


25°C 


3 25 


Full range 


1 


r i Input resistance 




25°C 




a 


c i Input capacitance 




25°C 


4 


pF 


z o Open-loop output impedance 


|Q - 


25°C 


560 


£2 


CMRR common-mode rejection ratio 


R s = 50 a, 
V IC = V ICR min 


25°C 


72 90 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AVqq + / AV|q) 


V CC± = ±5 Vto+15 V, 
R s = 50 n 


25"C 


75 93 


dB 


Full range 


65 


'CC Supply current (two amplifiers) 


Vq - 0, No load 


25°C 


625 690 


uA 


Full range 


730 


AIqq Supply current change over operating 
temperature range (two amplifiers) 


Full range 


97 


uA 



T Full range is -55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 



to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2062M, TLE2062AM, TLE2062BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER DUAL OPERATIONAL AMPLIFIERS 



operati ng characteristics at specified free-air tem perature, Vrjc ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T.+ 

T A' 


■1IM Tun a V 

M1N 1YH MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10 k«. 


C L = 100 pF 


25°C 


2 3.4 


V/us 


(see Figure 1) 


Full range 


1 .8 


Vn 


Equivalent input noise voltage 


f = 10 Hz, 


r s = 100 a 


25 a C 


70 


nV/VRz 


(see Figure 2) 


f = 1 kHz, 


r s = 100 a 


25°C 


40 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


nv 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1 . 1 


fA/VHz 


THD 


Total harmonic distortion 


Avo - 2. 
v O(PP) = 2V . 


f = 10 kHz, 

r l = 10 kn 


25°C 


0.025% 




Bl 


Unity-gain bandwidth 


R|_ = 10 kn, 


C L = 100 pF 


25'C 


2 


MHz 


(see Figure 3) 


R L = 600 n, 


C L = 100 pF 


25°C 


1.5 


Settling time 


0.1% 


25°C 


5 


us 


0.01% 


25°C 


10 


Bom 


Maximum-output-swing 
bandwidth 






40 


kHz 




Phase margin at unity gain 


R(_ = 10 Ul, 


C L = 100 pF 


25°C 


60° 




(see Figure 3) 


R L = 600 n. 


C L = 100 pF 


25°C 


70° 





t Full range is - 55°C to 1 25°C. 
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TLE2062M, TLE2062AM, TLE2062BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^POWER DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vrjc ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2062M 


V| C =0, R S = 50 £2 


25°C 


0.9 4 


mV 


Full range 


6 


TLE2062AM 


25°C 


0.8 2.6 


Full range 


4.6 


TLE2062BM 


25°C 


0.5 1.7 


Full range 


3.7 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


nV/mo 


'|0 Input offset current 


25°C 


3 


pA 


Full range 


20 


nA 


'IB Input bias current 


25°C 


5 


pA 


Full range 


40 


nA 


iv^n ^ommon-mooe inpui vuiidge rdnge 




25°C 


-15 -17 
to to 
16.5 21 


V 


Full range 


- 15 
to 
16.5 


V 


v OM+ Maximum positive peak output voltage swing 


R|_ = 10 kn 


25°C 


18 18.7 


V 


Full range 


17.5 


R|_ = 600 n 


25°C 


15 18.1 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


Rl ■ 10 kn 


25°C 


-18 -18.7 


V 


Full range 


- 17.5 


R|_ = 600 £2 


25°C 


-15 -18 


Full range 


- 12 


A VD Large-signal differential voltage amplification 


Vq ■ ±15V, R|_ ■ 10 k£l 


25"C 


30 280 


V/mV 


Full range 


20 


V Q = 0to10V, R L = 600n 


25°C 


25 80 


Full range 


10 


V o = 0t0-10V, R L = 600n 


25-C 


3 20 


Full range 


1 


r i Input resistance 




25°C 


10 12 


11 


c i Input capacitance 




25°C 


4 


pF 


z o Open-loop output impedance 


to - o 


25°C 


560 


n 


CMRR Common-mode rejection ratio 


R s = 50 n, 

V IC = V ICR min 


25°C 


75 91 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AV^c ± ' AV|q) 


V CC± = ±5 V to + 20 V, 
R s = 50 n 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current (two amplifiers) 


Vq = 0, No load 


25°C 


660 730 


uA 


Full range 


770 


& l Supply current change over operating 
temperature range (two amplifiers) 


Full range 


106 





'Full range is -55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2062M, TLE2062AM, TLE2062BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER DUAL OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vqc + = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A' 


MIN TYP MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10 kfl, 




= 100 pF 


25 C C 


3.4 


V/us 


(see Figure 1) 


Full range 






Equivalent input noise voltage 


f = 10 Hz, 


Rs 


= 100 a 


25°C 


75 


nV/VHz 


(see Figure 2) 


f = 1 kHz, 


Rs 


= ioon 


25°C 


40 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25-C 


1.1 


uV 


In 


Equivalent input noise current 


f = 1 kHz 




1.3 


fa wui 
i/vvrtz 


THD 


Total harmonic distortion 


AVD = 2. 
V 0( pp) = 2 V. 


f = 
Rl 


10 kHz. 

= 10 kn 


25°C 


0.025% 




B1 


Unity-gain bandwidth 


R|_ = 10 kfi, 


c L 


= !00pF 


25°C 


2.1 


MHz 


(see Figure 3) 


R L = 600 n. 


C| 


= 100 pF 


25°C 


1.6 


Settling time 


0.1% 


25°C 


5 


M s 


0.01% 


25°C 


10 


B OM 


Maximum-output-swing 
bandwidth 


AvD = 


Rl 


= iokn 


25°C 


28 


kHz 


*m 


Phase margin at unity gain 


R|_ = 10 kn, 


c l 


= 100 pF 


25°C 


60° 




(see Figure 3) 


r l = 600 n, 


c L 


= 100 pF 


25°C 


70° 





■•Full range is - S5°C to 1 25°C. 
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TLE2062, TLE2062A, TLE2062B 

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

UPOWER DUAL OPERATIONAL AMPLIFIERS 



PARAMETER MEASUREMENT INFORMATION 




NOTE A: C|_ includes fixture capacitance. — — 

Figure 1 . Slew Rate Test Circuit Figure 2. Noise Voltage Test Circuit 



10 kn 




NOTE A: C[_ includes fixture capacitance. 

Figure 3. Unity-Gain Bandwidth and Phase Margin Test Circuit 

typical values 

Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 

Input bias and offset current 

At the picoamp bias current level typical of the TLE2062, TLE2062A, and TLE2062B, accurate measurement 
of the bias current becomes difficult. Not only does this measurement require a picoammeter, but test socket 
leakages can easily exceed the actual device bias currents. To accurately measure these small currents, Texas 
Instruments uses a two-step process. The socket leakage is measured using picoammeters with bias voltages 
applied but with no device in the socket. The device is then inserted into the socket and a second test that 
measures both the socket leakage and the device input bias current is performed. The two measurements 
are then subtracted algebraically to determine the bias current of the device. 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS* 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS 
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Figure 11 
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TYPICAL CHARACTERISTICS 
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Figure 15 
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TYPICAL CHARACTERISTICS* 
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Figure 18 Figure 19 

♦Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS* 



OUTPUT IMPEDANCE 
vs 

FREQUENCY 



o 

N 




10 k 100 k 
f - Frequency - Hz 

Figure 20 

SUPPLY CURRENT 

vs 

SUPPLY VOLTAGE 



10M 



700 
675 
650 
625 
600 
575 
550 
525 
500 



— I — I — 

v = o 

Kin i oa n 










































T A = 


125 










































' l 


"A = 


25°C 




































^ i 


"A = 


-55' 


C 

























4 6 8 10 12 14 16 18 20 
]V C C± I - Supply Voltage - V 

Figure 22 



COMMON-MODE REJECTION RATIO 
vs 

FREQUENCY 



100 



m 

I 



£ 

s 

or 



E 
E 
o 

U 
I 

or 
or 
£ 



80 



20 



VfJCt 


= ±20 \ 


f 






25°C 


V CC± = 


: ±5 V s 















































10 100 1k 10 k 100 k 1M 10 M 
f - Frequency - Hz 

Figure 21 
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Figure 23 



t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS 
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UNITY-GAIN BANDWIDTH 
vs 

SUPPLY VOLTAGE 



UNITY -GAIN BANDWIDTH 
vs 

FREE-AIR TEMPERATURE 



2.5 



R|_ = 10 kn 
C|_ = 100 pF 
Ta = 25'C 
See Figure 3 



3 2 
I 




3 
I 



I 

*■ 

m 




4 6 8 10 12 14 16 18 20 
|Vcc± I - Supply Voltage - V 

Figure 32 

PHASE MARGIN 

vs 

SUPPLY VOLTAGE 



-75 -50 -25 25 50 75 100 125 
Ta - Free-Air Temperature - °C 

Figure 33 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Figure 36 

f Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 



APPLICATION INFORMATION 



macromodel information 

Macromodel information provided was derived using PSpicef PARTS™ model generation software. The 
Boyle macromodel (see Note 5) and subcircuit in Figure 37 were generated using the TLE2062 typical 
electrical and operating characteristics at 25°C. Using this information, output simulations of the following key 
parameters can be generated to a tolerance of 20% (in most cases): 



Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 



Unity gain frequency 

Common-mode rejection ratio 

Phase margin 

dc output resistance 

ac output resistance 

Short-circuit output current limit 



NOTE 5: G. R. Boyle, B. M. Cohn, D O. Pederson.and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers ", IEEE Journal 
, SC-9, 353 (1974). 



Pans is a trademark of MicroSim Corporation. 

PSpice is a registered trademark of MicroSim Corporation. 



Maeromodels. simulation models, or other models provided by Tl. directly 
or indirectly, art not warranted by Tl as fully representing all of the 
specifications and operating characteristics of the semiconductor product 
to which the modal ralataa. 
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APPLICATION INFORMATION 



macromodel information (continued) 




OUT 



. subckt TLE2062 12 3 4 5 

ol 11 12 1.457E-12 

c2 6 7 15.00E-12 

dc 5 53 dx 

da 54 5 dx 

dip 90 91 dx 

din 92 90 dx 

dp 4 3 dx 

ognd 99 poly(2) (3,0) (4,0) .5 .5 

fb 7 99 poly (5) vb vo vo vlp vln 4.357E6 -4E6 4E6 4E6 -4E6 

ga 6 11 12 188.5E-6 

gem 6 10 99 3.352E-9 

isa 3 10 dc 51.00E-6 

hlim 90 vlim IK 

jl 11 2 10 jx 

j2 12 1 10 jx 

r2 6 9 100. 0E3 

rdl 4 11 5.305E3 

rd2 4 12 5.305E3 

rol 8 5 280 

ro2 7 99 280 

ip 3 4 113. 2E3 

rss 10 99 3.922E6 

vb 9 dc 

vc 3 53 dc 2 

ve 54 4 dc 2 

vlim 7 8 dc 

vlp 91 dc 50 

vln 92 dc 50 

.model dx D (Is=800 . OE-18) 

.model jx PJF (Is=2 . 000E-12 Beta=423E-6 Vto=-l) 
. ends 



Figure 37. Boyle Macromodel and Subcircuit 
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APPLICATION INFORMATION 

input characteristics 

The TLE2062, TLE2062A, and TLE2062B are specified with a minimum and a maximum input voltage that, 
if exceeded at either input, could cause the device to malfunction. 

Because of the extremely high input impedance and resulting low bias current requirements, the TLE2062, 
TLE2062A, and TLE2062B are well suited for low-level signal processing; however, leakage currents on 
printed circuit boards and sockets can easily exceed bias current requirements and cause degradation in 
system performance. It is a good practice to include guard rings around inputs (see Figure 38). These guards 
should be driven from a low-impedance source at the same voltage level as the common-mode input. 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 




! II 

Figure 38. Use of Guard Rings 
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D3367, NOVEMBER 1 989 - REVISED FEBRUARY 1 991 



available features 

Excellent Output Drive Capability . . . 
V Q = ± 2.5 V Mln at R[_ = 100 £2, 

V C C± = ±5V 
V = ± 12.5 V Min at R L = 600 Q, 
V C C± = ±15V 

• Low Supply Current . . . 280 liA Typ 
Per Amplifier 

• High Unity-Gain Bandwidth ... 2.1 MHz Typ 

• High Slew Rate ... 3.4 V/us Typ 

description 

The TLE2064, TLE2064A, and TLE2064B are 
JFET-input, low-power, precision operational 
amplifiers manufactured using Texas Instruments 
Excalibur process. These devices combine 
outstanding output drive capability with low- 
power consumption, excellent dc precision, and 
wide bandwidth. 

In addition to maintaining the traditional JFET 
advantages of fast slew rates and low input bias 
and offset currents, the Excalibur process offers 
outstanding parametric stability over time and 
temperature. This results in a "precision" device 
remaining precise even with changes in 
temperature and over years of use. 

The TLE2064, TLE2064A, and TLE2064B are 
ideal choices for any application requiring 
excellent dc precision, high output drive, wide 
bandwidth, and low power consumption. 



• Macromodels Included 

• Wide Operating Supply Voltage Range . . 
V CC± = ± 3.5 V to ± 20 V 

• High Open-Loop Gain ... 280 V/mV Typ 

• Low Offset Voltage ... 2 mV Max 

• Low Offset Voltage Drift With Time . . . 
0.04 jiV/mo Typ 

• Low Input Bias Current ... 5 pA Typ 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE SWING 
vs 

LOAD RESISTANCE 




100 1 k 

R[_ - Load Resistance - a 



10 k 



AVAILABLE OPTIONS 







PACKAGE 




V|q max 


SMALL- 


CHIP 


CERAMIC 


PLASTIC 


AT 25*0 


OUTLINE 


CARRIER 


DIP 


DIP 






(D) 


(FK) 


(J) 


(N) 


o°c 


2mV 








TLE2064BCN 


to 


4mV 


TLE2064ACD 






TLE2064ACN 


70°C 


6mV 


TLE2064CD 






TLE2064CN 


-40°C 


2mV 








TLE2064BIN 


to 


4mV 


TLE2064AID 






TLE2064AIN 


85°C 


6mV 


TLE2064ID 






TLE2064IN 


-55°C 


2mV 






TLE2064BMJ 


TLE2064BMN 


to 


4mV 


TLE2064AMD 


TLE2064AMFK 


TLE2064AMJ 


TLE2064AMN 


125°C 


6mV 


TLE2064MD 


TLE2064MFK 


TLE2064MJ 


TLE2064MN 



D packages are available taped and reeled. Add "R" suffix to device type, (e.g., TLE2064ACDR). 



PRODUCTION DATA documantt contain information cumnt aa of ■ Copyright e 1991 , Texas Instruments Incorporated 
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description (continued) 

A variety of available package options includes small-outline and chip-carrier versions for high-density system 
applications. 

The C-suffix devices are characterized for operation from 0°C to 70°C. The l-suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 
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2 OUT [ 




8 


] 3 OUT 



1 IN + 
NC 

V C C + 
NC 
2IN + 



V 

]8 



FK PACKAGE 
(TOP VIEW) 

, H t , 
O 



I — 

si 



6 s 



3 2 1 20 19 



9 10 11 12 13 
I — II — II — II — II — I 



••I 


4 IN + 




NC 


,6[ 


v C c- 


15[ 


NC 


,4[ 


3IN + 



V- I 

it 



NC - No internal connection 



equivalent schematic 




Q43 



All component values are nominal. 
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TLE2064, TLE2064A, TLE2064B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER QUAD OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, V cc+ (see Note 1) 22 V 

Supply voltage, V cc _ -22 V 

Differential input voltage (see Note 2) ±44 V 

Input voltage range, V| (any input) V CC± 

Input current, l| (each input) ±1 mA 

Output current, Iq (each output) +80 mA 

Total current into Vcc+ terminal 80 mA 

Total current out of V^c- terminal 80 mA 

Duration of short-circuit current at (or below) 25°C (see Note 3) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T^: C-suffix 0°C to 70°C 

l-suffix -40°C to 85°C 

M-suffix -55°C to 125°C 

Storage temperature range -65°C to 150°C 

Case temperature for 60 seconds: FK package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or N package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: J package 300°C 

NOTES: 1 . All voltage values, except differential voltages, are with respect to the midpoint between ^CC+ ar| d V CC- ■ 

2. Differential voltages are at the noninverting input with respect to the inverting input. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 



DISSIPATION RATING TABLE 



PACKAGE 


T A £ 25°C 


DERATING FACTOR 


T A = 70°C 


T A = 85°C 


T A = 125°C 


POWER RATING 


ABOVE T A = 2S"C 


POWER RATING 


POWER RATING 


POWER RATING 


D 


950 mW 


7.6 mW/°C 


608 mW 


494 mW 


190 mW 


FK 


1375 mW 


11.0 mW/°C 


880 mW 


715 mW 


275 mW 


J 


1375 mW 


11.0 mW/°C 


880 mW 


715 mW 


275 mW 


N 


1575 mW 


12.6 mW/°C 


1008 mW 


819 mW 


315 mW 



recommended operating conditions 









C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 








MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Supply voltage, V C c± 


± 3.5 


± 20 


± 3.5 


± 20 


±3.5 


± 20 


V 




V CC± 


= ±5 V 


- 1.6 


4 


- 1.6 


4 


- 1.6 


4 




Common-mode input voltage, V|q 


V CC± 


= ± 15 V 


-11 


13 


- 11 


13 


- 11 


13 


V 




v C c± 


= ± 20 V 


- 15 


16.5 


- 15 


16.5 


- 15 


165 




Operating free-air temperature, T A 





70 


-40 


85 


-55 


125 


-c 
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TLE2064C, TLE2064AC, TLE2064BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
ixPOWER QUAD OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqc ± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2064C 


V| C =0, R s = 50 a 


25°C 


1.2 7 


mV 


Full range 


7.9 


TLE2064AC 


25°C 


1.2 6 


Full range 


6.9 


TLE2064BC 


25°C 


0.8 3.5 


Full range 


4.4 


"V/IO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 
pA 


l|0 Input offset current 


25°C 


1 


Full range 


0.8 


nA 


l|B Input bias current 


25°C 


3 


pA 


Full range 


2 


nA 


V|cr Common-mode input voltage range 




25 C 


-1.6 -2 
to to 
4 6 


V 


Full range 


-1.6 
to 
4 


V 


v OM+ Maximum positive peak output voltage swing 




25°C 


3.5 3.7 


V 


Full range 


3.3 


R[_ = 100 Q 


25-C 


2.5 3.1 


Full range 


2 


VoM- Maximum negative peak output voltage swing 


R|_ = 10 kfl 


25°C 


-3.7 -3.9 


v 


Full range 


-3.3 


RL = 100 £2 


25°C 


-2.5 -2.7 


Full range 


-2 


Avd Large-signal differential voltage amplification 


V Q = ± 2.8 V, R L = 10 kii 


25°C 


15 80 


V/mV 


Full range 


2 


V Q = 0to2 V, R L = 100 n 


25°C 


0.75 45 


Full range 


0.5 


V D = to - 2 V, R L = 100 a 


25"C 


0.5 3 


Full range 


0.15 


rj Input resistance 




25°C 


1012 


n 


c; Input capacitance 




25°C 


4 


pF 


z Open-loop output impedance 


Iq = 


25°C 


560 


n 


CMRR Common-mode rejection ratio 


V IC = V ICR min . R S = 50 n 


25°C 


65 82 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AV CC + / AV|o) 


V CC± - ±5 Vto±20 V, 
R s = 50 n 


25"C 


75 93 


dB 


Full range 


75 


ICC Supply current (four amplifiers) 


Vq • 0, No load 


25°C 


1.12 1.3 


mA 


Full range 


1.3 


, Supply current change over operating 

" CC 

temperature range (four amplifiers) 


Full range 


52 


uA 


Vq1'V 2 Crosstalk attenuation 


Avd = 100 °. f ' 1 kHz 


25°C 


120 


dB 



tFull range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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operating characteristics at specified free-air temperature, v"cc± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R L - 10 kn, 


c L 


= 100 pF 


25°C 


2.2 


3.4 




v7u,s 


(see Figure 1 ) 


Full range 


2.1 




Equivalent input noise voltage 


f = 10 Hz, 


«s 


= 100 £2 


25°C 




59 


100 


nV/VRz 


(see Figure 2) 


f = 1 kHz, 


Rs 


= 100 £2 




43 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


u.V 


'n 


Equivalent input noise current 


f = 1 kHz 


25°C 


1 


(A/VRz 


THD 


Total harmonic distortion 


AyD - 2 . 
Vo(PP) - 2 V, 


f = 
Rl 


10 kHz, 
= 10k£2 


25°C 


0.025% 




Bl 


Unity-gain bandwidth 


R|_ ■ 10k£2, 


c L 


= 100 pF 


25°C 


1.8 


MHz 


(see Figure 3) 


R|_ = 100 £1, 


c L 


= 100 pF 


1.3 


Settling time 


e = 0.1% 


25°C 


5 


us 


E = 0.01% 


10 


Bom 


Maximum-output-swing 
bandwidth 


Avd = *. 


Rl 


= 10k£2 


25-C 


140 


kHz 




Phase margin at unity gain 


R L = 10 kn, 


c l 


= 100 pF 


25°C 


58= 




(see Figure 3) 


R[_ = 100 £2. 


c L 


= 100 pF 


75° 





tFull range is 0°C to 70°C. 
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TLE2064C, TLE2064AC, TLE2064BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER QUAD OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vrjc± = ±15V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2064C 


V| C =0. R s = 50 £2 


25°C 


0.9 6 


mV 


Full range 


6.9 


TLE2064AC 


25°C 


0.9 4 


Full range 


4.9 


TLE2064BC 


25°C 


0.7 2 


Full range 


4 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


HWC 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


jiV/mo 


l|0 Input offset current 


25°C 


2 


PA 


Full range 


1 


nA 


l|B Input bias current 


25°C 


4 


pA 


Full range 


3 


nA 


V|qr Common-mode input voltage range 




25°C 


-11 -12 
to to 
13 16 


V 


Full range 


- 11 
to 
13 


V 


v OM+ Maximum positive peak output voltage swing 


R|_ = 10 k£2 


25°C 


13.2 13.7 


V 


Full range 


13 


R(_ - 600 n 


25°C 


12.5 13.2 


Full range 


12 


Vqm- Maximum negative peak output voltage swing 


Rl = 10 kn 


25°C 


-13.2 -13.7 


v 


Full range 


- 13 


R L = 600 n 


25°C 


-12.5 -13 


Full range 


-12 


Ayr} Large-signal differential voltage amplification 


V = ±10 V, R|_ = 10 k£J 


25°C 


30 230 


V/mV 


Full range 


20 


V = to 8 V, R L = 600 n 


25°C 


25 100 


Full range 


10 


V D = 0to-8 V, R|_ = 600n 


25°C 


3 25 


Full range 


1 


rj Input resistance 




25°C 


1012 


n 


Cj Input capacitance 




25°C 


4 


pF 


z Open-loop output impedance 


Iq - o 


25°C 


560 


n 


CMRR Common-mode rejection ratio 


V IC = V ICR m in, Rs = 50 a 


25°C 


72 90 


dB 


Full range 


70 


k SVR Supply-voltage rejection ratio (AVrx ± ' AV|o) 


V CC± - ±5 V to ± 15 V, 
R S = 50 SI 


25-C 


75 93 


dB 


Full range 


75 


Ice Supply current (four amplifiers) 


Vq * 0, No load 


25°C 


1.25 1.4 


mA 


Full range 


1.5 


Supply current change over operating 

Alnc 

temperature range (four amplifiers) 


Full range 


72 


uA 


V i/V 2 Crosstalk attenuation 


A VD = 1000, f = 1 kHz 


25"C 


120 


dB 



f Full range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 1 50°C extrapolated 
to T/\ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2064C, TLE2064AC, TLE2064BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER QUAD OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R|_ = 10 kn. 


C L = 100 pF 


25°C 


2.6 


3 4 




V/u.s 


(see Figure 1) 


Full range 


2.5 


Vn 


Equivalent input noise voltage 


f = 10 Hz, 


r s = 100 n 


25°C 




70 


100 


nV/Vi-iz 


(see Figure 2) 


f = 1 kHz, 


R s = 100 n 




40 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 HztolOHz 


25°C 


1.1 


uV 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1.1 


fA/VHz 


THD 


Total harmonic distortion 


A V D = 2 . 
VO(PP) - 2 V. 


f = 10 kHz. 

r l = 10 kn 


25°C 


0.025% 




E>1 


Unity-gain bandwidth 


R[_ = 10 kn, 


C L = 100 pF 


25°C 


2 


MHz 


(see Figure 3) 


R L - 600 n. 


C L = 100 pF 


1.5 


Settling time 


E = 0.1% 


25°C 


5 


U.S 


e = 0.01% 


10 


B OM 


Maximum-output-swing 
bandwidth 


A V D = 1. 


R|_ = 10 kn 


25°C 


40 


kHz 




Phase margin at unity gain 


R L = 10 kn, 


C L = 100 pF 


25°C 


60° 




(see Figure 3) 


R L - 600 n, 


C L = 100 pF 


70° 





f Full range is 0°C to 70°C. 



TLE2064C, TLE2064AC, TLE2064BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
•iPOWER QUAD OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqc ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T.t 
'A 


MIM TVP MAV 


UNIT 


V|q Input offset voltage 


TLE2064C 


Vic = °. R S = son 


25°C 


I D 


mV 


Pi ill rannp 
nun i oi ty c 


6.9 


TLE2064AC 


25°C 


1 4.6 


Full range 


5.5 


TLE2064BC 


25°C 


7 2 2 


Full range 


3.1 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


jiV/ mo 


llO Input offset current 


25°C 


3 


PA 


Full range 


1 


nA 


l|B Input bias current 




5 


pA 


Full range 


3 


nA 


V|CR Common-mode input voltage range 






— 1 5 — 17 
to to 
16.5 21 


V 


Full range 


— 10 

to 

16.5 


V 


v OM+ Maximum positive peak output voltage swing 


R(_ ■ 10k£l 




18.2 18.7 


V 


Full range 


18 


R|_ = 600 SI 


25 C C 


15 18.1 


Full range 


1 2 


Vqm- Maximum negative peak output voltage swing 


R[_ = 10kfi 


25°C 


- 18.2 — 18.7 


V 


Full range 


— 18 


R L = 600 £1 


25' c 


— 15 — 18 


Pt ill rann o 
nun iciiiyt; 


— \£. 


A\/D Large-signal differential voltage amplification 


V = ±15V, R|_ = 10 kil 


25°C 




V/mV 


Pi ill ra nn o 
nun i a\ iye 


20 


V D = to 10 V, R L = 600 n 


25°C 


25 80 


Pi ill rannp 
nun foiiyc 


1 


V D = Oto- 10 V, R|_ = 600 n 


25°C 


q on 


Full range 


1 


r) Input resistance 




25°C 


m12 


r\ 

il 


c| Input capacitance 




25°C 


4 


nP 


z Open-loop output impedance 


l = 


25°C 


560 


n 


CMRR Common-mode rejection ratio 


V IC = V ICR min . R S = 50 « 


25°C 


75 91 


dB 


Full range 


70 


ksVR Supply-voltage rejection ratio (AVqq ± 1 aV|q) 


V CC+ - ±5 Vto±20 V, 
R S = 50 n 


25°C 


75 93 


dB 


Full range 


70 


ICC Supply current (four amplifiers) 


V = 0, No load 


25°C 


1.32 1.5 


mA 


Full range 


1.5 


. Supply current change over operating 
temperature range (four amplifiers) 


Full range 


82 


uA 


v o1 /v o2 Crosstalk attenuation 


A VD = 1000, f - 1 kHz 




120 


dB 



+ Full range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ - 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2064C, TLE2064AC, TLE2064BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER QUAD OPERATIONAL AMPLIFIERS 



operati ng characteristics at specified free-air temperature, Vrjc ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


Slew rate at unity gain 
(see Figure 1) 


R|_ = 10kfi, C|_ = 100 pF 


25°C 


2.8 3.4 


V/us 


Full range 


2.5 


Equivalent input noise voltage 
n (see Figure 2) 


f = 10 Hz, R s = 100 n 


25°C 


75 100 


nVWRz 


f = 1 kHz, R s = 100 £1 


40 60 


Peak-to-peak equivalent input 
N < PP > noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


i n Equivalent input noise current 


f = 1 kHz 


25°C 


1.3 


fA/vHz 


THD Total harmonic distortion 


A V D =2. f = 10 kHz, 
V 0( pp) = 2 V, R|_ = 10 kfl 


25°C 


0.025% 




Unity-gain bandwidth 
(see Figure 3) 


R|_ = 10 kn, Cl = 100 pF 


25°C 


2.1 


MHz 


R L = 600 n, C L = 100 pF 


1.6 


Settling time 


E = 0.1% 


25°C 


5 




E = 0.01% 


10 


Maximum-output-swing 
OM bandwidth 


Avd = 1. R|_ = 10k£l 


25°C 


28 


kHz 


Phase margin at unity gain 
* m (see Figure 3) 


R|_ = 10 kQ, C L = 100 pF 


25°C 


60° 




R L = 600 Q, C L = 100 pF 


70° 



f Full range is 0°C to 70°C. 
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TLE2064I, TLE2064AI, TLE2064BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
uPOWER QUAD OPEF 



electrical characteristics at specified free-air temperature, Vqq ± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


1- f 

Ta t 


MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2064I 


V| C =o, «s = son 


25°C 


1.2 7 


mV 


Full range 


8.3 


TLE2064AI 


25°C 


1.2 6 


Full range 


7.3 


TLE2064BI 


25°C 


0.8 3.5 


Full range 


4.8 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


l|0 Input offset current 


25°C 


1 


PA 


Full range 


2 


nA 


l|B Input bias current 


25°C 


3 


pA 


Full range 


4 


nA 


^ICR Common-mode input voltage range 




25°C 


-1.6 -2 
to to 
4 6 


V 


Full range 


-1.6 
to 
4 


V 


v OM+ Maximum positive peak output voltage swing 


R[_ = 10 k£2 


25°C 


3.5 3.7 


V 


Full range 


3.1 


RL ■ 100 £2 


25°C 


2.5 3.1 


Full range 


2 


VfjM- Maximum negative peak output voltage swing 


R L » 10k£i 


25°C 


-3.7 -3.9 


V 


Full range 


-3.1 


Rl - 100 n 


25°C 


-2.5 -2.7 


Full range 


-2 


Avd Large-signal differential voltage amplification 


Vq = ±2.8 V, R L = 10 kn 


25°C 


15 80 


V/mV 


Full range 


2 


V D = 0to2V, R L = 100 £2 


25°C 


0.75 45 


Full range 


0.5 


Vq = Oto-2 V, R[_ = 100 a 


25°C 


0.5 3 


Full range 


0.15 


rj Input resistance 




25°C 


10 1 2 


£2 


cj Input capacitance 




25°C 


4 


PF 


z Open-loop output impedance 


to - o 


25°C 


560 


n 


CMRR Common-mode rejection ratio 


v ic = v icR min . R s = 50 n 


25°C 


65 82 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AV CC ± / AV| ) 


V CC± = ±5 Vto±20 V, 
R s = 50 n 


25°C 


75 93 


dB 


Full range 


65 


Ice Supply current (four amplifiers) 


V = 0, No load 


25°C 


1.12 1.3 


mA 


Full range 


1.3 


Supply current change over operating 
temperature range (four amplifiers) 


Full range 


108 


uA 


Vol'Vo2 Crosstalk attenuation 


A V D = 1000, f = 1 kHz 


25°C 


120 


dB 



f Full range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T/\ = 1 50°C extrapolated 
to T A = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2064I, TLE2064AI, TLE2064BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER QUAD OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


Rl = 10 kn, 


C L = 100 pF 


25°C 


2.2 


3.4 




V/ns 


(see Figure 1) 


Full range 


1.7 


v„ 


Equivalent input noise voltage 


f = 10 Hz. 


R s = 100 n 


25°C 




59 


100 


nV/VFiz 


(see Figure 2) 


f = 1 kHz. 


R s = 100 n 




43 


60 


V N(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


M 


uV 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1 


fA/VRz 


THD 


Total harmonic distortion 


A V D " 2. 
v O(PP) = 2 V, 


f = 10 kHz. 

r l = 10 kn 


25°C 


0.025% 




Bl 


Unity-gain bandwidth 


Rj_ = 10 kn, 


C L = 100 pF 


25°C 


1.8 


MHz 


(see Figure 3) 


R|_ = 100 n, 


C L = 100 pF 


1.3 


Settling time 


E = 0.1% 




25°C 


5 




e = 0.01% 


10 


B OM 


Maximum-output-swing 
bandwidth 


AvD ■ 


R L = 10 kn 


25°C 


140 


kHz 


«m 


Phase margin at unity gain 


R|_ = 10 kn, 


C L = 100 pF 


25°C 


58° 




(see Figure 3) 


R L = 100 n, 


C L = 100 pF 


75° 





r Full range is - 40°C to 85°C. 
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TLE2064I, TLE2064AI, TLE2064BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER QUAD OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V cc + = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V| Input offset voltage 


TLE2064I 


V| C =0, R s = 50 £1 


25°C 


0.9 6 


mV 


Full range 


7.3 


TLE2064AI 


25°C 


0.9 4 


Full range 


5.3 


TLE2064BI 


25°C 


0.7 2 


Full range 


3.3 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


(iV/mo 


l|0 Input offset current 


25°C 


2 


pA 


Full range 


3 


nA 


l|B Input bias current 


25°C 


4 


pA 


Full range 


5 


nA 


^ICR Common-mode input voltage range 




25°C 


-11 -12 
to to 
13 16 


V 


Full range 


- 11 
to 
13 


V 


v OM+ Maximum positive peak output voltage swing 


R[_ = 10 k£l 


25°C 


13.2 13.7 


V 


Full range 


13 


R L = 600 £1 


25°C 


12.5 13.2 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


R[_ = 10 k£l 


25°C 


-13.2 -13.7 


V 


Full range 


- 13 


R|_ = 600 £1 


25°C 


-12.5 -13 


Full range 


- 12 


Ayo Large-signal differential voltage amplification 


V = ±10V, Rl = 10 kQ 


25°C 


30 230 


V/mV 


Full range 


20 


V = to 8 V, R|_ = 600 n 


25°C 


25 100 


Full range 


10 


V D = 0to-8V, R|_ = 600£J 


25°C 


3 25 


Full range 


1 


H Input resistance 




25°C 


10 12 


a 


Cj Input capacitance 




25°C 


4 


pF 


z Open-loop output impedance 


l D = 


25°C 


560 


n 


CMRR Common-mode rejection ratio 


V IC = V ICR min . Rs = 50 £1 


25°C 


72 90 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AVqc + ' ^ V I0) 


V cc± = + 5Vto±15V, 
R s - 50 £2 


25°C 


75 93 


dB 


Full range 


65 


Ice Supply current (four amplifiers) 


Vq = 0, No load 


25°C 


1.25 1.4 


mA 


Full range 


1.5 


Supply current change over operating 

A'CC 

temperature range (four amplifiers) 


Full range 


148 


MA 


V ^/V 2 Crosstalk attenuation 


A VD = 1000, f = 1 kHz 


25°C 


120 


dB 



tFull range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 



, Texas ^ 
Instruments 

302 POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



TLE2064I, TLE2064AI, TLE2064BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER QUAD OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vcc± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


TA 1 


MIN TYP MAX 


UNIT 


Slew rate at unity gain 
(see Figure 1) 


R L = 10k£2, C L = 100 pF 


25°C 


2.6 3.4 


Wps 


Full range 


2.1 


Equivalent input noise voltage 

y 

n (see Figure 2) 


f = 10 Hz, R s = 100 a 


25°C 


70 100 


nV/VHz 


f = 1 kHz, R s = 100£2 


40 60 


Peak-to-peak equivalent input 
N < pp > noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


pV 


l n Equivalent input noise current 


f = 1 kHz 


25°C 


1.1 


fA/VRi 


THD Total harmonic distortion 


Avd = 2, f = 10 kHz, 
v O(PP) = 2 V, R L = 10 kft 


25°C 


0.025% 




Unity-gain bandwidth 
1 (see Figure 3) 


R[_ - 10 k£2, C L = 100 pF 


25°C 


2 


MHz 


R L = 600 n, C L = 100 pF 


1.5 


Settling time 


e = 0.1% 


25°C 


5 


ps 


E = 0.01% 


10 


Maximum-output-swing 
OM bandwidth 


a V d - 1. Rl = 10 kn 


25°C 


40 


kHz 


Phase margin at unity gain 
* m (see Figure 3) 


R L = 10 k£l, C L = 100 pF 


25°C 


60° 




R L = 600 n, C L = 100 pF 


70° 



r Full range is - 40°C to 85°C. 
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TLE2064I, TLE2064AI, TLE2064BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
liPOWER QUAD OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V C c ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T»1 

'A 


K1IM TV D MAY 
MIIM I T r MAA 


UNIT 
UH1 1 


V|o Input offset voltage 


TLE2064I 


V| C =0, R s = son 


25°C 


1 6 


mV 


Full range 


7.3 


TLE2064AI 


25°C 


1 4.6 


Full range 


5.9 


TLE2064BI 


25°C 


0.7 2.2 


Full range 


3.5 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


l|0 Input offset current 


25°C 


3 


pA 


Full range 


3 


nA 


l|B Input bias current 


25°C 


5 


pA 


Full range 


5 


nA 


^ICR Common-mode input voltage range 




25°C 


-15 -17 
to to 
16.5 21 


V 


Full range 


- 15 
to 

16.5 


V 


v OM+ Maximum positive peak output voltage swing 


R L = 10 kn 


25°C 


18.2 18.7 


V 


Full range 


18 


Rl = 600 SI 


25°C 


15 18.1 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


R|_ = 10 k£l 


25°C 


- 18.2 - 18.7 


V 


Full range 


- 18 


R|_ = 600 £2 


25°C 


- 15 - 18 


Full range 


- 12 


A\/D Large-signal differential voltage amplification 


Vq = ±15 V, R L = 10k£l 


25°C 


30 280 


V/mV 


Full range 


20 


V = to 10 V, R|_ = 600 Q 


25°C 


25 80 


Full range 


10 


Vq = to -10 V, R[_ = 600 SI 


25°C 


3 20 


Full range 


1 


rj Input resistance 




25°C 


10 xc 


Q 


Cj Input capacitance 






4 


pF 


Zq Open-loop output impedance 


Iq = 


25°C 


560 


n 


CMRR Common-mode rejection ratio 


V IC = V| CR min, R s = 50Q 


25°C 


75 91 


dB 


Full range 


65 


!<SVR Supply-voltage rejection ratio (Mqq + 1 A V|g) 


V CC± = ±5Vto±20 V, 
R s = 50 n 


25°C 


75 93 


dB 


Full range 


65 


ICC Supply current (four amplifiers) 


V Q = 0, No load 


25°C 


1.32 1.5 


mA 


Full range 


1.6 


A l Supply current change over operating 
temperature range (four amplifiers) 


Full range 


164 


uA 


Vq1^o2 Crosstalk attenuation 


A VD = 1000, f = 1 kHz 


25°C 


120 


dB 



t Full range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T^ = 1 50°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 



Texas ^ 
Instruments 

304 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



TLE2064I, TLE2064AI, TLE2064BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER QUAD OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vqc ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




M1N 


TYP 


MAX 


UNIT 


SR 


Slew rate at unity gain 


R L = 10 k£J, 


C L = 100 pF 


25°C 


2.8 


3.4 




V/us 


(see Figure 1) 


Full range 


2.1 




Equivalent input noise voltage 


f = 10 Hz, 


R s = 100 n 


25°C 




75 


100 


nV/VHz 


(see Figure 2) 


f = 1 kHz. 


R s = 100 n 




40 


60 


VN(PP) 


Peak-to-peak equivalent input 
noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


M.V 


In 


Equivalent input noise current 


f = 1 kHz 


25°C 


1.3 


fA/VHz 


THD 


Total harmonic distortion 


A V D = 2, 
V 0( pp) = 2 V, 


f = 10 kHz, 
R|_ = 10 kn 


25°C 


0.025% 




B1 


Unity-gain bandwidth 


R|_ = 10k£2, 


C L = 100 pF 


25°C 


2.1 


MHz 


(see Figure 3) 


R L = 600 a. 


C L = 100 pF 


1.6 


Settling time 


E = 0.1% 


25°C 




5 






E = 0.01% 




10 




B OM 


Maximum-output-swing 
bandwidth 


AVD " L 


R[_ ■ 10 kn 


25°C 


28 


kHz 


*m 


Phase margin at unity gain 


R L = 10k£2, 


C L = 100 pF 


25°C 


60° 




(see Figure 3) 


R L = 600 £2, 


C L = 100 pF 


70° 





T Full rangeis-40°Cto85°C. 
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TLE2064M, TLE2064AM, TLE2064BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER QUAD OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V cc ± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2064M 


V|c = 0, R s = 50 n 


25°C 


1.2 7 


mV 


Full range 


9 


TLE2064AM 


25°C 


1.2 6 


Full range 


8 


TLE2064BM 


25°C 


0.8 3.5 


Full range 


5.5 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


'lO Input offset current 


25°C 


1 


pA 


Full range 


15 


nA 


'|B Input bias current 


25°C 


3 


pA 


Full range 


30 


nA 


V ICR Common-mode input voltage range 




25°C 


-1.6 -2 
to to 
4 6 


V 


Full range 


- 1.6 
to 
4 


V 




r»L — 'U K** 


25°C 


3.5 3.7 


V 






Full range 


3 


VOM '^ ax ' mum Positive peak 
output voltage swing 


FKand J 
packages 


Ri - fiOO O 


25°C 


2.5 3.6 


Full range 


2 


Dand N 
packages 


R]_ - 100 n 


25°C 


2.5 3.1 


Full range 


2 




R[_ = 10 kQ 


25°C 


-3.5 -3.9 


V 






Full range 


-3 


Vqm Maximum negative peak 
output voltage swing 


FKand J 
packages 


RL = 600 £2 


25°C 


-2.5 -3.5 


Full range 


-2 


D and N 
packages 


R|_ = 100 n 


25=C 


-2.5 -2.7 


Full range 


-2 




V D = ±2.8V, R|_ = 10 kn 


25°C 


15 80 


V/mV 






Full range 


2 


^ Large-signal differential 
voltage amplification 


FK and J 
packages 


Vq = to 2.5 V, R L = 600 Q 


25°C 


1 65 


Full range 


0.5 


Vq = to - 2.5 V, R L = 600 a 


25°C 


1 16 


Full range 


0.5 


Dand N 
packages 


Vq = to 2 V, R|_ = 100 a 


25°C 


0.75 45 


Full range 


0.25 


Vq - 0to-2V, R L = 100 n 


25°C 


0.4 3 


Full range 


0.15 



tFull range is - 55°C to 1 25°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T A = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2064M, TLE2064AM, TLE2064BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
11POWER QUAD OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V cc + = ± 5 V (unless otherwise noted) 
(continued) 



PARAMETER 


IfcSal GUNUIIIUNb 


T.t 

T A T 


■ AIM TVD ||AV 

MIN IYr MAX 


UNIT 


rj Input resistance 




25°C 


<n12 
10 l£ 


Q 


Cj Input capacitance 




25°C 


4 


pF 


z Open-loop output impedance 


Iq . 


25°C 


560 


n 


CMRR Common-mode rejection ratio 


V IC - V|CRmin, R S = 50n 


25°C 


65 82 




Full range 


60 


■ dB 


^SVR Supply-voltage rejection ratio (AVcc ± ' aV|q) 


V CC± = ±5 Vto±20 V. 
R s = 50 n 


25°C 


75 93 




Full range 


65 


- dB 


Ice Supply current (four amplifiers) 


V = 0, No load 


25°C 


1.12 1.3 




Full range 


1.3 


mA 


Supply current change over operating 

Alpp 

^ temperature range (four amplifiers) 


Full range 


144 


uA 


v o1 /v o2 Crosstalk attenuation 


A VD = 1000, f = 1 kHz 


25°C 


120 


dB 


t Fuli range is - 55°C to 1 25°C. 

operating characteristics, Vqc± = ±5V, T^= 25°C 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


SR Slew rate at unity gain (see Figure 1) 


R|_ = 10 k£2, C L = 100 pF 


3.4 


V/us 


V n Equivalent input noise voltage (see Figure 2) 


f = 10 Hz, R S = 100 n 


59 


nV/VHz 


f = 1 kHz, R s = 100 £2 


43 


VN(pp) Peak-to-peak equivalent input noise voltage 


f = 0.1 Hz to 10 Hz 


1.1 


uV 


l n Equivalent input noise current 


f = 1 kHz 


1 


fA/VRz" 


THD Total harmonic distortion 


A VD = 2, f = 10 kHz, 
V 0( p P) = 2 V, Rl = 10 kn 


0.025% 




Unity-gain bandwidth (see Figure 3) 


R L = 10 kn, C L = 100 pF 


1.8 


MHz 


Rl = 600 n, C|_ = 100 pF 


1.3 




Settling time 


E = 0.1% 


5 


e = 0.01% 


10 


kHz 


Bom Maximum-output-swing bandwidth 


A V D = 1. R L = 10W2 


140 


^ Phase margin at unity gain (see Figure 3) 


R L - 10 kn, C L = 100 pF 


58° 




R L = 600 n, C L = 100 pF 


75° 
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TLE2064M, TLE2064AM, TLE2064BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER QUAD OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V C c ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2064M 


Vic = o. R s • so a 


25°C 


0.9 6 


mV 


Full range 


8 


TLE2064AM 


25°C 


0.9 4 


Full range 


6 


TLE2064BM 


25°C 


0.7 2 


Full range 


4 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


u.V/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


l|0 Input offset current 


25°C 


2 


pA 


Full range 


20 


nA 


l|B Input bias current 


25°C 


4 


pA 


Full range 


40 


nA 


VjcR Common-mode input voltage range 




25°C 


-11 -12 
to to 
13 16 


V 


Full range 


- 11 
to 
13 


V 


v OM+ Maximum positive peak output voltage swing 


R|_ - 10 kQ 


25°C 


13 13.7 


V 


Full range 


12.5 




Ri - fiOO O 


25°C 


12.5 13.2 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


Rl 10 kn 


25°C 


-13 -13.7 




Full range 


-12.5 


Rl = 600 n 


25°C 


-13 -13 




Full range 


- 12.5 




A\/D Large-signal differential voltage amplification 


Vq = ±10 V, R[_ = 10 k£i 


25-C 


30 230 


V/mV 


Full range 


20 


V Q = to 8 V, R|_ = 600 £1 


25°C 


25 100 


Full range 


7 


Vq = Oto-8 V, R|_ = 600£1 


25°C 


3 25 


Full range 


1 


r\ Input resistance 




25°C 


1012 


£2 


Cj Input capacitance 




25"C 


4 


PF 


z Open-loop output impedance 


to - e 


25-C 


560 


a 


CMRR Common-mode rejection ratio 


V IC = V ICR «*". R S = 50 « 


25°C 


72 90 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AV CC + / AV| ) 


V CC± = ±5Vto±15V, 
R S = 50 n 


25°C 


75 93 


dB 


Full range 


65 


Ice Supply current (four amplifiers) 


Vq = 0, No load 


25-C 


1.25 1.4 


mA 


Full range 


1.5 


Supply current change over operating 
temperature range (four amplifiers) 


Full range 


194 


uA 


v o1 /v o2 Crosstalk attenuation 


Ayo = 100°. f = 1 kHz 


25°C 


120 


dB 



iFull range is - 55°C to 1 25°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ ■ 150°C extrapolated 
to T A > 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2064M, TLE2064AM, TLE2064BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER QUAD OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A f 


MIN TYP MAX 


UNIT 


^ Slew rate at unity gain 
(see Figure 1) 


R L = 10 kn, C L = 100 pF 


25°C 


2.6 3.4 


V/us 


Full range 


1.8 


Equivalent input noise voltage 
(see Figure 2) 


f = 10 Hz. Rs = 100 n 


25°C 


70 


nV/VRz 


f = 1 kHz, R s = 100 £1 


40 


Peak-to-peak equivalent input 
^N(PP) n0 | se vo |tage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


l n Equivalent input noise current 


f = 1 kHz 


25°C 


1.1 


fA/VHz 


THD Total harmonic distortion 


A VD = 2, f = 10 kHz, 
V 0( p P) = 2 V, R L = 10 kO 


25-C 


0.025% 




Unity-gain bandwidth 
(see Figure 3) 


R L = 10 kn, C L = 100 pF 


25°C 


2 


MHz 


R L = 600 n, C L = 100 pF 


1.5 


Settling time 


e = 0.1% 


25°C 


5 




E = 0.01% 


10 


Maximum-output-swing 
0M bandwidth 


A\/D = 1, R|_ - 10 kn 


25°C 


40 


kHz 


Phase margin at unity gain 
* m (see Figure 3) 


R L = 10 kn, C L = 100 pF 


25°C 


60° 




R|_ = 600 n, C L = 100 pF 


70° 



iFull range is - 55°C to 1 25°C. 




, Texas 4? 
Instruments 

POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



309 



TLE2064M, TLE2064AM, TLE2064BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER QUAD OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vcc ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2064M 


V| C = 0, R S = 50 n 


25°C 


1 6 


mV 


Full range 


8 


TLE2064AM 


25°C 


1 4.6 


Full range 


6.6 


TLE2064BM 


25°C 


0.7 2.2 


Full range 


4.2 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


l|0 Input offset current 


25°C 


3 


pA 


Full range 


20 


nA 


l|B Input bias current 


25°C 


5 


pA 


Full range 


40 


nA 


(OH ournrnun-muue input vuiuiytJ laiiyt* 




25°C 


-15 -17 
to to 
16.5 21 


V 


Full range 


-15 
to 
16.5 


V 


v OM+ Maximum positive peak output voltage swing 


R|_ = 10 kO 


25°C 


18 18.7 


V 


Full range 


17.5 


R|_ m 600 CI 


25°C 


15 18.1 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


R[_ = 10 kn 


25°C 


-18 -18.7 


V 


Full range 


- 17.5 


R L = 600 £1 


25°C 


-15 -18 


Full range 


- 12 


A\/D Large-signal differential voltage amplification 


V Q =±15V, R L = 10k£l 


25°C 


30 280 


V/mV 


Full range 


20 


V = 0to 10 V, R L = 600 CI 


25°C 


25 80 


Full range 


10 


Vq - to - 10 V, Rl = 600 CI 


25°C 


3 20 


Full range 


1 


H Input resistance 




25°C 


10 12 


n 


Cj Input capacitance 




25°C 


4 


PF 


z Open-loop output impedance 


to - o 


25-C 


560 


CI 


CMRR Common-mode rejection ratio 


V IC - V ICR min . R S = 50 Q 


25°C 


75 91 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AV CC ± / AV ra ) 


V CC± * ±5 Vto±20 V, 
R S = 50 n 


25°C 


75 93 


dB 


Full range 


65 


ICC Supply current (four amplifiers) 


Vq = 0, No load 


25°C 


1.32 1.5 


mA 


Full range 


1.6 


Supply current change over operating 
temperature range (four amplifiers) 


Full range 


212 


uA 


Vq1'Vo2 Crosstalk attenuation 


A V D = 1000, f = 1 kHz 


25°C 


120 


dB 



t Full range is - 55°C to 1 25°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T A = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2064M, TLE2064AM, TLE2064BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^POWER QUAD OPERATIONAL AMPLIFIERS 



operating characteristics, Vcc± = ±20V, T"a = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


SR 


Slew rate at unity gain (see Figure 1 ) 


R|_ = 10k£l, 


C|_ = 100 pF 


3.4 


V/us 


v n 


Equivalent input noise voltage (see Figure 2) 


f = 10 Hz, 


R s = 100 SI 


75 


nV/VRz 


f = 1 kHz, 


R s = 100 SI 


40 


V N(PP) 


Peak-to-peak equivalent input noise voltage 


f = 0.1 Hz to 10 Hz 


1.1 


uV 


'n 


Equivalent input noise current 


f = 1 kHz 


1.3 


fA/vHz 


THD 


Total harmonic distortion 


A V D = 2. 
VO(PP) = 2 V. 


f = 10 kHz, 
R L = 10 kn 


0.025% 




B1 


Unity-gain bandwidth (see Figure 3) 


Rl = 10 k£J, 


C L = 100 pF 


2.1 


MHz 


R L = 600 n, 


C L = 100 pF 


1.6 


us 


Settling time 


£ = 0,1% 


5 


e = 0.01% 


10 


kHz 


B OM 


Maximum-output-swing bandwidth 


AVD = 1. 


R|_ = 10 kn 


28 




Phase margin at unity gain (see Figure 3) 


R L = 10 kSl, 


C L = 100 pF 


60° 




R L = 600 Si, 


C[_ = 100 pF 


70° 
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TLE2064, TLE2064A, TLE2064B 

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

U.POWER QUAD OPERATIONAL AMPLIFIERS 



PARAMETER MEASUREMENT INFORMATION 



10 kn 




NOTE A: C|_ includes fixture capacitance. — — 

Figure 1 . Slew Rate Test Circuit Figure 2. Noise Voltage Test Circuit 

10 kQ 




NOTE A: C|_ includes fixture capacitance. 

Figure 3. Unity-Gain Bandwidth and Phase Margin Test Circuit 

typical values 

Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 

input bias and offset current 

At the picoampere bias current level typical of theTLE2064, TLE2064A, andTLE2064B, accurate measurement 
of the bias current becomes difficult. Not only does this measurement require a picoammeter, but test socket 
leakages can easily exceed the actual device bias currents. To accurately measure these small currents, Texas 
Instruments uses a two-step process. The socket leakage is measured using picoammeters with bias voltages 
applied but with no device in the socket. The device is then inserted into the socket and a second test that 
measures both the socket leakage and the device input bias current is performed. The two measurements 
are then subtracted algebraically to determine the bias current of the device. 
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TLE2064, TLE2064A, TLE2064B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER QUAD OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS^ 
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f Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 

Texas 
Instruments 

314 POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 



TLE2064, TLE2064A, TLE2064B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER QUAD OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS* 
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T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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f Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TYPICAL CHARACTERISTICS 
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T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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Figure 36 

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 

APPLICATION INFORMATION 



macromodel Information 

Macromodel information provided was derived using PSpice® Parts 7 " model generation software. The Boyle 
macromodel (see Note 5) and subcircuit in Figure 37 were generated using the TLE2064 typical electrical and 
operating characteristics at 25°C. Using this information, output simulations of the following key parameters 
can be generated to a tolerance of 20% (in most cases): 



Maximum positive output voltage swing 



• Unity gain frequency 

• Common-mode rejection ratio 

• Phase margin 

• dc output resistance 

• ac output resistance 

• Short-circuit output current limit 

To model the TLE2064, TLE2064A, or TLE2064B, Use four macromodels in your simulation. 



Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 



NOTE 5: G. R. Boyle. B. M. Cohn, D. O. Pederson, and J. E. Solomon, ■Macromodeling of Integrated Circuit Operational Amplifiers", IEEF Journal 
, SC-9, 353 (1974). 



PSpice Is a registered trademark of MicroSim Corporation. 
Parts is a trademark of MicroSim Corporation. 



Macromodall, limulatfon modal., or otter mod.ll pro»ldad try Tl, dlractly 
or indiractly. in not warranted by TI at fully rapratanung ail of tha 
■ pacification! and opa rating, charactariatlct of tha aamlconduclot product 
to which tha modal ralataa. 
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APPLICATION INFORMATION 

macromodel information (continued) 



99 




OUT 



. subckt TLE2064 12 3 4 5 

el 11 12 1.457E-12 

e2 6 7 15.00E-12 

de 5 53 dx 

de 54 5 dx 

dip 90 91 dx 

din 92 90 dx 

dp 4 3 dx 

agnd 99 poly (2) (3,0) (4,0) .5 .5 

fb 7 99 poly (5) vb vc v« vlp vln 4.357E6 -4E6 4E6 4E6 -4E6 

ga 6 11 12 188.5E-6 

gem 6 10 99 3.352E-9 

iaa 3 10 do 51.00E-6 

hi im 90 vlim IK 

jl 11 2 10 jx 

j2 12 1 10 jx 

r2 6 9 100. 0E3 

rdl 4 11 5.305E3 

rd2 4 12 5.305E3 

rol 8 5 280 

ro2 7 99 280 

rp 3 4 113. 2E3 

rss 10 99 3.922E6 

vb 9 dc 

vo 3 53 dc 2 

ve 54 4 dc 2 

vlim 7 8 dc 

vlp 91 dc 50 

vln 92 dc 50 

.modal dx D ( Ia=800 . OE-18 ) 

.model jx P0F (I»=2 . 000E-12 Beta=423E-6 Vto=-l) 
. ends 



Figure 37. Boyle Macromodel and Subcircuit 
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APPLICATION INFORMATION 

input characteristics 

The TLE2064, TLE2064A, and TLE2064B are specified with a minimum and a maximum input voltage that, 
if exceeded at either input, could cause the device to malfunction. 

Because of the extremely high input impedance and resulting low bias current requirements, the TLE2064, 
TLE2064A and TLE2064B are well-suited for low-level signal processing; however, leakage currents on 
printed circuit boards and sockets can easily exceed bias current requirements and cause degradation in 
system performance. It is a good practice to include guard rings around inputs (see Figure 38). These guards 
should be driven from a low-impedance source at the same voltage level as the common-mode input. 

The inputs of any unused amplifiers should be tied to ground to avoid possible oscillation. 



-vw 




Figure 38. Use of Guard Rings 
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TLE2141, TLE2141A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 

D3652, NOVEMBER 1990 - REVISED FEBRUARY 1991 



available features 
Low Noise: 



10 Hz 
1 kHz 



. l5nV/vHz 
. 10.5 nV/VHz 



• Low V| ■■■ 500 M-V Max at 25°C 

• Single or Split Supply ... 4 V to 44 V 



10,000-pF Load Capability 

20-mA Mln Short Circuit Output Current 

30-V/fis Mln Slew Rate 

High Gain-Bandwidth Product ... 5.9 MHz 

SLEW RATE 
vs 

LOAD CAPACITANCE 



Fast Settling Time . . 

Saturation Recovery 
Large Output Swing 



340 ns to 0.1% 
400 ns to 0.01% 

. . 150 ns 

. . V CC - + 0.1 V 
toV CC+ -1 V 



EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 
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description 

The TLE21 41 and TLE21 41 A are high-performance, internally compensated operational amplifiers built using Texas 
Instruments complementary bipolar Excalibur process. The TLE2141A is a tighter offset voltage grade of the 
TLE2141. Both are pin-compatible upgrades to standard industry products. 

AVAILABLE OPTIONS 



TA 


V|q max 
AT 25«C 


PACKAGE 


SMALL- 
OUTLINE 
(D) 


CHIP 
CARRIER 
(FK) 


CERAMIC 
DIP 

(JG) 


METAL 
CAN 

(L) 


PLASTIC 
DIP 

(P) 


CHIP 
FORM 

<Y) 


0°Cto 
70°C 


500 uV 
900 uV 


TLE2141ACD 
TLE2141CD 








TLE2141ACP 
TLE2141CP 


TLE2141Y 


-40°Cto 
105°C 


500 uV 
900 uV 


TLE2141AID 
TLE2141ID 








TLE2141AIP 
TLE2141IP 


- 55°C to 
125°C 


500 uV 
900 uV 


TLE2141AMD 
TIE2141MD 


TLE2141AMFK 
TLE2141MFK 


TLE2141AMJG 
TLE2141MJG 


TLE2141AML 
TLE2141ML 


TLE2141AMP 
TLE2141MP 



D packages are available taped-and-reeled. Add "R" suffix to device type, (e.g., TLE2141 ACDR). 



PRODUCTION DATA documents contain Information ■ Copyright © 1 991 , Texas Instruments Incorporated 

currant as ol publication date. Products conform Id — «iU On products compliant to MIL-STD-883, Class B, all 

specifications par rha tarms ol Taxas Instrumonls IEXAS ^ir parameters are tactad unless otherwise noted. On all 

r^i^^an^racsr 5 " 01 instruments a&cc?,*-- 

POST OFFICE BOX 655303 ■ DALLAS. TEXAS 75265 3 25 



TLE2141, TLE2141A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



description (continued) 

The design_ incorporates a patent-pending input stage that simultaneously achieves low audio band noise of 
10.5 nVMHz with a 10-Hz 1/f corner and symmetrical 40-V/us slew rate typically with loads up to 800 pF. The 
resulting low distortion and high power-bandwidth are important in hi-fi audio applications. A fast settling time of 
340 ns to 0.1% of a 10-V step with a 2-k£i /100-pF load is useful in fast actuator/positioning drivers. Under similar 
test conditions, settling time to 0.01% is 400 ns. 

The devices are stable with capacitive loads up to 10 nF, although the 6 MHz bandwidth decreases to 1 .8 MHz at 
this high loading level. As such, the TLE2141 and TLE2141 A are useful for low droop sample-and-holds and direct 
buffering of long cables, including 4-20 mA current loops. 

The special design also exhibits an improved insensitivity to inherent IC component mismatches as is evidenced 
by a500-uV maximum offset voltage and 1 .7-u.V/°C typical drift. Minimum common-mode rejection ratio and supply- 
voltage rejection ratio are 85 dB and 90 dB, respectively. 

Device performance is relatively independent of supply voltage over the ±2-V to ±22-V range. Inputs can operate 
between Vqq_-0.3 Vto Vqq + -1.8 V without inducing phase reversal, although excessive input current may flow 
out of each input exceeding the lower common-mode input range. The all NPN output stage provides a nearly rail- 
to-rail output swing of Vqq_+0.1 V to Vcc+ _1 V under light current loading conditions. The device can sustain 
shorts to either supply since output current is internally limited, but care must be taken to ensure that maximum 
package power dissipation is not exceeded. 

Both versions can also be used as comparators. Differential inputs of Vqq ± can be maintained without damage 
to the device. Open-loop propagation delay with TTL supply levels is typically 200 ns. This gives a good indication 
as to output stage saturation recovery when the device is over-driven beyond the limits of recommended output 
swing. 

Both the TLE2141 and TLE2141 A are available in a wide variety of packages, including both the industry-standard 
8-pin small-outline version and chip form for high-density system applications. The C-suffix devices are character- 
ized for operation from 0°C to 70°C, the l-suffix from -40°C to 105°C, and the M-suffix over the full military 
temperature range of -55°C to 125°C. 
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TLE2141, TLE2141A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



D, JG, OR P PACKAGE 
(TOP VIEW) 



OFFSET N1 [ 
IN-[ 
IN + [ 

Vcc-C 4 



1 U 8 ] NC 

2 7 ] V C C + 

3 6 ] OUT 
5 ] OFFSET N2 



symbol 

OFFSET N1 



OFFSET N2 




OUT 



NC[]4 
IN- 

NC 
IN + 

NC 



FK PACKAGE 
(TOP VIEW) 

o o o o 



I I I II I I II I 

3 2 1 20 19 



]■ 



9 10 11 12 13 
OBBOn 



18[ 

»I 
«[ 
15[ 

14 [ NC 



OFFSET N1 



NC 

VCC + 
NC 
OUT 



>° 




OUT 



OFFSET N2 



Pin 4 of the L package is in electrical 
contact with the case. 



NC - No internal connection 



chip information 

These chips, properly assembled, display characteristics similar to the TLE2141 , (see electrical table on page 18). 
Thermal compression or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be 
mounted with conductive epoxy or a gold-silicon preform. 





BONDING PAD ASSIGNMENTS 



64 




65 



| I | I | I | I | I | I | I 



v C c+ 

(7) 



OFFSET N1 (1) 




vcc- 

(4) 



CHIP THICKNESS: 
15 TYPICAL 

BONDING PADS: 
4X4 MINIMUM 

Tjmax = 150°C 

TOLERANCES 
ARE ±10% 

ALL DIMENSIONS 
ARE IN MILS 
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EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 
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TLE2141, TLE2141A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



absolute maximum ratings over 



range (unless otherwise noted) 

22 V 



Supply voltage, V C c+ (see Note 1) 

Supply voltage, V^c- ~ 22 v 

Differential input voltage (see Note 2) ±44 V 

Input voltage range, V| (any input) V CC+ t0 V CC- ~ 3 v 

Input current, l| (each input) ±1 mA 

Output current, lo +80 mA 

Total current into VqC+ terminal 80 mA 

Total current out of V cc _ terminal 80 mA 

Duration of short-circuit current at (or below) 25°C (see Note 3) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : C-suffix 0°C to 70°C 

l-suffix -40°C to 105°C 

M-suffix -55°C to 125°C 

Storage temperature range -65°C to 150°C 

Case temperature for 60 seconds: FK package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package 300°C 

NOTES: 1 All voltage values, except differential voltages, are with respect to the midpoint between Vqc+ a "d V CC- ■ 

2. Differential voltages are at the noninverting inputwith respect to the inverting input. Excessive current will flow if input is brought below 
V C C--0 3 V. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 



DISSIPATION RATING TABLE 



PACKAGE 


T A £ 25'C 


DERATING FACTOR 


T A = 70»C 


T A = 10S°C 


T A = 125'C 


POWER RATING 


ABOVE T A = 25-C 


POWER RATING 


POWER RATING 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


261 mW 


145 mW 


FK 


1375mW 


11.0mW/°C 


880 mW 


495 mW 


275 mW 


JG 


1050mW 


8.4 mW/°C 


672 mW 


378 mW 


210 mW 


L 


650 mW 


5.2 mW/°C 


416 mW 


234 mW 


130 mW 


P 


10O0mW 


8.0 mW/°C 


640 mW 


360 mW 


200 mW 



recommended operating conditions 









C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 








MIN 


MAX 


MIN MAX 


MIN 


MAX 


Supply voltage, V cc ± 


±2 


± 22 


±2 ±22 


± 2 


± 22 


V 


Common-mode input voltage, V|c 


vcc - 


5V 





2.9 


2.7 





2.7 


V 


v C c± 


= ±15 V 


-15 


12.9 


-15 12.7 


-15 


12.7 


Operating free-air temperature, T A 









70 


-40 105 


-55 


125 


°C 
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TLE2141C, TLE2141AC 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vrjc = 5 v (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2141C 


TLE2141AC 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 




25°C 




225 


1400 




200 


1000 


uV 




Full range 


1700 


1300 


a VIO 


Temperature coefficient of 
input offset voltage 


V Q = 2.5V, R S = 50tl, 


Full range 


1.7 


1.7 


|iV« 


iio 


Input offset current 


V| C = 2.5 V 


25°C 




8 


100 




8 


100 


nA 




Full range 


150 


150 


l|B Input bias current 




25°C 




-0.8 


-2 




-0.8 


-2 


uA 




Full range 


-2.1 


-2.1 













-0.3 







-0.3 












25°C 


to 


to 




to 


to 






VlCR 


^umriiUM-muutJ input 


Rs = 50 n 




3 


3.2 




3 


3.2 




V 


VOlt3Q6 r3T)Q6 


Full range 



to 

2.9 







to 

2.9 










l OH = -150uA 


25°C 


3.9 


4.1 




^ 3.9 


4.1 










Full range 


3.8 


3.8 




VOH 


High-level output voltage 


IOH = -1-5 mA 


25°C 


3.8 


4 




3.8 


4 




V 


Full range 


3.7 


3.7 






l OH =-15mA 


25°C 


3.2 


3.7 




3.2 


3.7 










Full range 


3.2 


3.2 








Iol » 150 uA 


25°C 




75 


125 




75 


125 








Full range 


150 


150 


mV 


vol 


Low-level output voltage 


'OL = 1 -5 mA 


25°C 




150 


225 




150 


225 


Full range 


250 


250 








Iql = 15 mA 


25°C 




1.2 


1.6 




1.2 


1.6 


V 






Full range 


1.7 


1.7 


A VD 


Large-signal differential 


V cc = ± 2.5 V, R L = 2 kn, 


25°C 


50 220 


50 


220 




V/mV 


voltage amplification 


Vq = 1 Vto-1.5V 


Full range 


25 


25 


1 


Input resistance 




25°C 


70 


70 


Mn 


°i 


Input capacitance 




25°C 


2.5 


2.5 


PF 


*o 


Open-loop output impedance 


f = 1 MHz 


25"C 


30 


30 


Q 


CMRR 


Common-mode 


V IC = V ICR min . 


25°C 


85 


118 




85 


118 




dB 


rejection ratio 


R s = 50 n 


Full range 


80 


80 


k SVR 


Supply-voltage rejection ratio 


V CC± = ±25Vto±15V, 


25°C 


90 


106 




90 


106 




d8 


(AV CC ±/AV| ) 


Rs = 50 n 


Full range 


85 


85 


'CC 


Supply current 


V = 2.5 V, No Load, 


25°C 




3.4 


4.4 




3.4 


4.4 


mA 


V| C = 2.5 V 


Full range 




4.6 


4.6 



TFull range is 0°C to 70°C. 




TLE2141C, TLE2141AC 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc = 5 V 



PARAMETER 


TEST CONDITIONS 


T A 


TLE2141C 


TLE2141AC 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR + Positive slew rate 


Avd=- 1 . RL = 2kQt, 
C L = 500 pF 


25°C 


45 


45 


V/jis 


SR - Negative slew rate 


42 


42 


Settling time 


Avd = -1. 
2.5-V Step 


To 0.1% 


25°C 


0.16 


0.16 


(IS 


To 0.01% 


0.22 


0.22 


Equivalent input noise 
Vn voltage 


R s = 100 £1, f = 10 Hz 


25°C 


15 


15 


nV/VHz 


R s = 100 £1. f = 1 kHz 


10.5 


10.5 


Peak-to-peak equivalent 
V N(PP) i n p U t noise voltage 


f = 0.1 Hztol Hz 


25°C 


0.48 


0.48 


uV 


f = 0.1 Hz to 10 Hz 


0.51 


0.51 


Equivalent input noise 
n current 


f = 10 Hz 


25°C 


1.92 


1.92 


pA/VHz 


f = 1 kHz 


0.5 


0.5 


Total harmonic distortion 
THD + N plus noise 


Vq = 1 V to 3 V, R L = 2 kQT, 
A VD = 2, f = 10 kHz 


25°C 


0.0052 % 


0.0052 % 




Bi Unity-gain bandwidth 


R|_ = 2knt, C L = 100 pF 


25°C 


5.9 


5.9 


MHz 


Gain-bandwidth product 


R|_ = 2k£lT, C L = 100 pF, 
f = 100 kHz 


25°C 


5.8 


5.8 


MHz 


Maximum output-swing 
B ° M bandwidth 


R|_ = 2knT, V (p P) = 2 V, 

a V d = 1. c L = 100 pF 


25°C 


6.6 


6.6 


MHz 


. Phase margin at unity- 
9m 

gain 


R L = 2kn+ C L = 100 pF 


25°C 


57° 


57° 





TR[_ terminates at 2.5 V. 



TLE2141C, TLE2141AC 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vcc± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2141C 


TLE2141AC 


UNIT 


MIN 


TYP MAX 


MIN 


TYP 


MAX 


V|0 


Input offset voltage 






25°C 


200 900 




175 


500 


u.V 






Full range 


1300 


800 


"VIO 


Temperature coefficient of 
input offset voltage 


V| C = o. 
R s = 50 a. 
Vq = 




Full range 


1.7 


1.7 


uV/°C 


ho 


Input offset current 




25°C 


7 100 




7 


100 


nA 




Full range 


150 


150 


l|B Input bias current 






25°C 


-0.7 -1.5 




-0.7 


-1.5 


uA 






Full range 


-1.6 


-1.6 












-15 


-15.3 


-15 


-15.3 














25°C 


to 


to 


to 


to 






VlCR 


Common-mode input 


R s = 50 £1 






13 


13.2 


13 


13.2 




V 


voltage range 




Full range 


-15 
to 
12.9 


-15.3 
to 
13.1 


-15 
to 
12.9 


-15.3 
to 
13.1 








l o = -150uA 


25°C 


13.8 


14.1 


13.8 


14.1 










Full range 


13.7 


13.7 




V OM + 


Maximum positive peak 


Iq = - 15 mA 


25°C 


13.7 


14 


13.7 


14 






output voltage swing 


Full range 


13.6 


13.6 


V 






\q = - 15 mA 




25°C 


13.1 


13.7 


13.1 


13.7 












Full range 


13 


13 








Iq • 150 uA 


25°C 


-14.7 


-14.9 


-14.7 


-14.9 










Full range 


- 14.6 


- 14.6 




V M- 


Maximum negative peak 


l Q = 1.5 mA 


25°C 


- 14.5 


-14.8 


- 14.5 


-14.8 






output voltage swing 


Full range 


- 14.4 


-14.4 


V 






l Q = 15 mA 


25°C 


- 13.4 


-13.8 


-13.4 


-13.8 










Full range 


- 13.3 


-13.3 




*VD 


Large-signal differential 


V = ±10V 


25°C 


100 


450 


100 


450 




V/mV 


voltage amplification 


Full range 


75 


75 


n 


Input resistance 


R L = 2kQ 


25°C 


65 


65 


M£2 


q 


Input capacitance 




25°C 


2.5 


2.5 


pF 


z o 


Open-loop output impedance 


f = 1 MHz 


25°C 


30 


30 


a 


CMRR 


Common-mode 


V IC = V ICR 


min, 


25°C 


85 


108 


85 


108 




dB 


rejection ratio 


R s = 50 £1 




Full range 


80 


80 


k SVR 


Supply-voltage rejection ratio 


V CC± - ±2.5Vto±15 V, 


25°C 


90 


106 


90 


106 




dB 


(AV CC± /AV| ) 


R S = 50 n 




Full range 


85 


85 


tos 


Short-drcuit output current 


V = 


V| D - 1 V 


25°C 


-25 


-50 


-25 


-50 




mA 


V|„ =-1V 


20 


31 


20 


31 




'cc 


Supply current 


v - o. 


No Load 


25°C 


3.5 4.5 




3.5 


4.5 


mA 


Full range 


4.7 


4.7 



t Full range is 0°C to 70°C. 
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TLE2141C, TLE2141AC 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc± = ± 15 V 



PARAMETER 


TEST CONDITIONS 




TLE2141C 


TLE2141AC 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR + Positive slew rate 


Avd = H. R L = 2k ". 
C L = 500 pF 


25°C 


30 45 


30 45 


V/ps 


SR - Negative slew rate 


25°C 


30 42 


30 42 


Settling time 


Avd =-i. 

10 V Step 


To 0.1% 


25°C 


0.34 


0.34 


ps 


To 0.01% 


0.4 


0.4 


Equivalent input noise 
n voltage 


R s = 100 a, f = 10 Hz 


25°C 


15 


15 


nV/i/Hz 


R s = 100 £}, f = 1 kHz 


10.5 


10.5 


Peak-to-peak equivalent 
input noise voltage 


f = 0.1 Hz to 1 Hz 


25°C 


0.48 


0.48 


pV 


f = 0.1 Hz to 10 Hz 


0.51 


0.51 


I Equivalent input noise 
n current 


f = 10 Hz 


25°C 


1.89 


1.89 


pA/VRz 


I = 1 kHz 


0.47 


0.47 


_ Total harmonic distortion 
THD + N , 

plus noise 


V (PP) = 20 V, R L = 2 k«, 
A VD = 10. f = 10 kHz 


25°C 


0.01% 


0.01% 




B 1 Unity-gain bandwidth 


R|_ = 2kn, C L = 100 pF 


25°C 


6 


6 


MHz 


Gain-bandwidth product 


R|_ = 2k«, Cl = 100 pF, 
f = 100 kHz 


25°C 


5.9 


5.9 


MHz 


Maximum output-swing 
^ M bandwidth 


V 0( p P) = 20 V, R L = 2 kn, 

a V d - c l = 100 p f 


25°C 


668 


668 


kHz 


Phase margin at unity 
gain 


R L = 2kfl, C L = 100 pF 


25°C 


58° 


58° 
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TLE2142I, TLE2141AI 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vrjc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2141I 


TLE2141AI 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 




25°C 




225 


1400 




200 


1000 


uV 




Full range 


1900 


1500 


a VIO 


— — 

Temperature coefficient of 

input offset voltage 


V D = 2.5 V, 
R S = 50 a 
V| C = 2.5 V 


Full range 


1.7 


1.7 


uV/°C 


ho 


Input offset current 


25°C 




8 


100 




8 


100 


nA 


Full range 


200 


200 


lis 


Input bias current 




25°C 




-0.8 


-2 




-0.8 


-2 


uA 




Full range 


-2.2 


-2.2 













-0.3 







-0.3 












25°C 


to 


to 




to 


to 






VlCR 


Common-mode input 


R s = 50Q 




3 


3.2 




3 


3.2 




V 


voltage range 


Full range 



to 

2.7 


-0.3 
to 
2.9 





to 

2.7 


-0.3 
to 

2.9 








|« u 150 nA 

'OH lou 




3.9 


4.1 




3.9 


4.1 










l OH - 


25°C 


38 


4 




3.8 


4 






VOH 


High-level output voltage 


li—u i 1 5 m A 

'OH - 




3.2 














I/m ■ — mo uA 

'OH - 




3.8 




v 






■OH ~ ' ma 


Pi ill ronr"i£j 

run range 


3.7 


3.7 








'OH - ,u mM 


3.3 


3 3 








1 _ . _ Hen ,,A 
'OL ~ lou 







75 


125 




75 


125 


mV 






ifji — i . \J inn 


25°C 




150 


225 




150 


225 


vol 


Low-level output voltage 


Iq[_ =15 mA 






1.2 


1.6 




1.2 


1.6 


V 


'OL ~ jiA 




175 


175 


mV 






Iq(_ = 1 mA 


Full range 


225 


225 






Iq[_ =10 mA 




1.4 


1.4 


V 


Avd 


Large-signal differential 


V cc = ± 2.5 V, R L = 2 kQ, 


25"C 


50 220 


50 


220 




V/mV 


voltage amplification 


V Q = 1 Vto-1.5V 


Full range 


10 


10 


r i 


Input resistance 




25°C 


70 


70 


MCI 


<=i 


Input capacitance 




25°C 


2.5 


2.5 


PF 


*o 


Open-loop output impedance 


f = 1 MHz 


25"C 


30 


30 


a 


CMRR 


Common-mode 


V IC = V ICR mir) . 


25°C 


85 


118 




85 


118 




dB 


rejection ratio 


R S = 50 Q 


Full range 


80 


80 


k SVR 


Supply-voltage rejection ratio 


V CC± = ±2.5Vto±15V, 


25°C 


90 


106 




90 


106 




dB 


(AV CC± /AV| ) 


R S = 50 Q. 


Full range 


85 


85 


!CC 


Supply current 


Vq = 2.5 V, No Load, 


25°C 




3.4 


4.4 




3.4 


4.4 


mA 


V| C - 2.5 V 


Full range 


4.6 


4.6 



TFull range is -40°C to 105°C. 
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TLE2142I, TLE2141AI 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc = 5 V 



PARAMETER 


TEST CONDITIONS 


TA 


TLE2142I 


TLE2141AI 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR + Positive slew rate 


AvD - -1i R L = 2knt . 
C L - 500 pF 


25°C 


45 


45 


V/us 


SR - Negative slew rate 


42 


42 


Settling time 


AvD = -1. 
2.5-V Step 


To 0.1% 


25°C 


0.16 


0.16 




To 0.01% 


0.22 


0.22 


Equivalent input noise 
V " voltage 


R s = 100 a, f = 10 Hz 


25°C 


15 


15 


nV/VRz 


R s = 100 n, f = 1 kHz 


10.5 


10.5 


Peak-to-peak equivalent 
V N(PP) j n p U t noise voltage 


f = 0.1 Hztol Hz 


25°C 


0.48 


0.48 


uV 


f = 0.1 Hz to 10 Hz 


0.51 


0.51 


Equivalent input noise 
n current 


t = 10 Hz 


25°C 


1.92 


1.92 


pA/Vfiz 


f = 1 kHz 


0.5 


0.5 


Total harmonic distortion 
THD + N , 

plus noise 


V Q = 1 V to 3 V, R|_ = 2 k£lt, 
A VD = 2 f = 10 kHz 


25°C 


0.0052 % 


0.0052 % 




Unity-gain bandwidth 


R[_ = 2knt c L « 100 pF 


25°C 


5.9 


5.9 


MHz 


Gain-bandwidth product 


R L = 2 kflt c L = 100 pF, 
f = 100 kHz 


25°C 


5.8 


5.8 


MHz 


Maximum output-swing 
B ° M bandwidth 


R L = 2kflt V 0( p P) = 2 V, 
A V D = 1. C L = 100 pF 


25°C 


6.6 


6.6 


MHz 


. Phase margin at unity- 
gain 


R L = 2k£2t, C L = 100 pF 


25°C 


57" 


57° 





Tr l terminates at 2.5 V. 
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TLE2141I, TLE2141AI 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-alrtemperature,Vcc+ = ± 15 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


TA T 


TLE2141I 


TLE2141AI 


UNIT 


MIN 


TYP MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 






25°C 


200 900 




175 


500 


uV 






Full range 


1500 


1000 


«VIO 


input offset voltage 


V|c = o. 
R s = 50 n, 
Vq = 




Full range 


1.7 


1.7 


uV/°C 


ho 


Input offset current 




25°C 


7 100 




7 


100 


nA 




Full range 


200 


200 


'IB 


Input bias current 






25°C 


-0.7 -1.5 




-0.7 


-1.5 


uA 






Full range 


- 1.7 


-1.7 












-15 


-15.3 


-15 


-15.3 














25°C 


to 


to 


to 


to 






VlCR 


Onmmnn-mnHp innut 


R S = 50 n 






13 


13.2 


13 


13.2 




V 






Full range 


- 15 
to 
12.7 


-15.3 
to 
12.9 


-15 
to 

12.7 


-15.3 
to 
12.9 








Iq = - 150 uA 




13.8 


14.1 


13.8 


14.1 










l = - 15 mA 




25°C 


13.7 


14 


13.7 


14 






VOM* 


Maximum nncitiup nAak 


l = -15mA 






13.1 


13.7 


13.1 


13.7 




V 




Iq - - 100 nA 




13.7 


13.7 






Iq - - 1 mA 




Full ranae 

run laiiyo 


13.6 


— 








l o = -10mA 






13.1 










l D = 150 uA 






-14.7 


- 14.9 


- 14.7 


-14.9 










l Q = 1.5 mA 




25°C 


-14.5 


-14.8 


-14.5 


-14.8 






v OM- 


Maximum negative peak 


Iq = 15 mA 






-13.4 


-13.8 


- 13.4 


-13.8 




V 


output voltage swing 


Iq = 100 uA 






-14.6 


-14.6 






l = 1 mA 




Full range 


-14.5 


-14.5 








Iq = 10 mA 






-13.4 


- 13.4 




A V D 


Large-signal differential 


Vq = ±10 V, R L = 2k£l 


25°C 


100 


450 


100 


450 




V/mV 


voltage amplification 


Full range 


40 


40 


n 


Input resistance 




25°C 


65 


65 


MQ 


q 


Input capacitance 




25°C 


2.5 


2.5 


pF 


*o 


Open-loop output impedance 


f = 1 MHz 


25°C 


30 


30 


£1 


CMRR 


Common-mode 


V IC = V ICR 


min, 


25 C 


85 


108 


85 


108 




dB 


rejection ratio 


R s = 50 £1 


Full range 


80 


80 


k SVR 


Supply-voltage rejection ratio 


V CC+ = ± 2.5 V to ±15 V, 


25°C 


90 


106 


90 


106 




dB 


(AV CC± /AV IO ) 


R s = 50 n 




Full range 


85 


85 


tos 


Short-circuit output current 


v = o 


V| D - 1 V 


25°C 


-25 


-50 


-25 


-50 




mA 


V| D = -1V 


20 


31 


20 


31 




'cc 


Supply cun-ent 


Vq = o, 


No Load 


25°C 


3.5 4.5 




3.5 


4.5 


mA 


Full range 


4.7 


4.7 



TFull range is -40C to 105°C. 
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TLE2141I, TLE2141AI 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vqc± = i15v 



PARAMETER 


TEST CONDITIONS 


TA 


TLE2141I 


TLE2141AI 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR + Positive slew rate 


AvD - -1. R L = 2kfl . 
C L = 500 pF 


25"C 


30 45 


30 45 


V/(is 


SR - Negative slew rate 


25°C 


30 42 


30 42 


Settling time 


AvD = -1. 
10 V Step 


To 1% 


25°C 


0.34 


0.34 


\* 


To 0.01% 


0.4 


0.4 


y Equivalent input noise 
n voltage 


R s = 100 Q. f = 10 Hz 


25°C 


15 


15 


nV/VHz 


Rg = 100 £1, 1=1 kHz 


10.5 


10.5 


Peak-to-peak equivalent 
N(PP) j n p U t noise voltage 


f = 0.1 Hztol Hz 


25°C 


0.48 


0.48 


fH 


f = 0.1 Hz to 10 Hz 


0.51 


0.51 


Equivalent input noise 
n current 


f = 10 Hz 


25°C 


1.89 


1.89 


pA/VHi 


f = 1 kHz 


0.47 


0.47 


Total harmonic distortion 
THD + N , 

plus noise 


V ( PP ) = 20 V, R L = 2 kn, 
A VD = 10, f = 10 kHz 


25°C 


0.01% 


0.01% 




B-| Unity-gain bandwidth 


R|_ = 2kn, C L « 100 pF 


25°C 


6 


6 


MHz 


Gain-bandwidth product 


RL = 2kn, C|_ = 100 pF, 
t = 100 kHz 


25°C 


5.9 


5.9 


MHz 


Maximum output-swing 
^ M bandwidth 


V (PP) = 20V,R L = 2k£l, 
A VD = C L = 100 pF 


25°C 


668 


668 


kHz 


Phase margin at unity 
*rn gain 


R L = 2kn, C L = 100pF 


25°C 


58° 


58° 
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TLE2141M,TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, v"cc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Tat 


TLE2141M 


TLE2141AM 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 




25°C 




225 


1400 




200 


1000 


nv 




Full range 


2100 


1700 


«VIO 


— — — 

Temperature coefficient of 

input offset voltage 


V = 2 5 V, 

r s = so n, 

V| C = 2.5 V 


Full range 


1.7 


1.7 


pV/°C 


iio 


Input offset current 


25°C 




8 


100 




8 


100 


nA 


Full range 


250 


250 


'IB 


Input bias current 




25°C 




-0.8 


-2 




-0.8 


-2 


uA 




Full range 


-2.3 


-2.3 













-0.3 







-0.3 












25°C 


to 


to 




to 


to 






V ICR 


Common-mode input 


R s = 50 n 




3 


3.2 




3 


3.2 




V 


voltage range 


Full rannp 

i uii i at yc 



to 

2.7 


-0.3 
to 
2.9 





to 

2.7 


-0.3 
to 
2.9 








l^u 150 uA 

'OH - 




3.9 


4.1 




3.9 


4.1 










l/»u i 1 5mA 

'OH — 


25°C 


3.8 


4 




3.8 


4 






VOH 


High-level output voltage 


Iqh = — ^5 mA 




3.2 


3.7 




3.2 


3.7 




V 


lr\u 100 li A 

'OH 




3.75 


3.75 






'OH - 


Full rsnQS 


3.65 


3.65 








Iz-iii 10 mA 




3.25 


3.25 








Iru - 150 llA 






75 


125 




75 


125 


mV 






Iql = 1-5 mA 


25°C 




150 


225 




150 


225 


vol 


Low-level output voltage 


IqI_ = 15 mA 






1.2 


1.4 




1.2 


1.4 


y 


|qi =100 uA 




200 


200 


mV 






Ii*m = 1 mA 
'UL 1 


Full range 


250 


250 






Iqj_ =10 mA 




1.25 


1.25 


V 


Avd 


Large-signal differential 


Vrr+ = ±2.5V, Ri =2kn. 


25° 


50 220 


50 


220 




V/mV 


voltage amplification 


V Q = 1 V to -1.5V 


Full range 


5 


5 


n 


Input resistance 




25"C 


70 


70 


Ma 


Cj 


Input capacitance 




25°C 


2.5 


2.5 


PF 


z 


Open-loop output impedance 


f = 1 MHz 


25°C 


30 


30 


Q 


CMRR 


Common-mode 


V IC = V ICR min. 


25'C 


85 


118 




85 


118 




dB 


rejection ratio 


R s = 50 n 


Full range 


80 


80 


k SVR 


Supply-voltage rejection ratio 


V CC± - ±2.5Vto±15V, 


25°C 


90 


106 




90 


106 




dB 


(AV CC± /AV| ) 


R s = 50 n 


Full range 


85 


85 


!CC 


Supply current 


V D = 2.5 V, No Load, 


25°C 




3.4 


4.4 




3.4 


4.4 


mA 


V| C = 2.5 V 


Full range 


4.6 


4.6 



TFull range is -55°C to 1 25° C. 




TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



operating characteristics, Vrjc = 5 V 



PARAMETER 


TEST CONDITIONS 


TA 


TLE2141M 


TLE2141AM 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR+ Positive slew rate 


Avd = -L R L - 2knT . 
C L = 500 pF 


25°C 


45 


45 


V/us 


SR- Negative slew rate 


42 


42 


Settling time 


Avd = -1. 

2.5-V Step 


To 0.1% 


25°C 


0.16 


0.16 


us 


To 0.01% 


0.22 


0.22 


Equivalent input noise 
voltage 


R s = 100 a. f = 10 Hz 


25°C 


15 


15 


nV/Vflz 


R S = 100 n, f = 1 kHz 


10.5 


10.5 


Peak-to-peak equivalent 

V N(PP 

™v r input noise voltage 


f = 0.1 Hztol Hz 


25-C 


0.48 


0.48 


uV 


f = 0.1 Hz to 10 Hz 


0.51 


0.51 


Equivalent input noise 

'n * 
current 


f = 10 Hz 


25°C 


1.92 


1.92 


pA/Vfii 


f = 1 kHz 


0.5 


0.5 


T . ,~ .. Total harmonic distortion 
THD+N 

plus noise 


V Q = 1 V to 3 V, R L = 2 kot, 
A V d = 2. f = 10kHz 


25°C 


0.0052% 


0.0052% 




B1 Unity-gain bandwidth 


R|_ = 2k£}t, C L = 100 pF 


25°C 


5.9 


5.9 


MHz 


Gain-bandwidth product 


RL = 2kflt C|_ = 100 pF, 
f = 10OkHz 


25°C 


5.8 


5.8 


MHz 


Maximum output-swing 
^ M bandwidth 


R L = 2kQt,v 0( p P) = 2 V. 

Avd - 1 


25°C 


6.6 


6.6 


MHz 


Phase margin at 
unity gain 


R L = 2knt, C L = 100 pF 


25°C 


57° 


57° 





+RL terminates at 2.5 V. 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vcc± = ± 15 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2141M 


TLE2141AM 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


V|q Input offset voltage 


V| C = 0, R s = 50 Q 


25°C 


200 900 


175 500 


uV 


Full range 


1700 


1200 


Temperature coefficient of 
vlu input offset voltage 


Full range 


1.7 


1.7 


uV/°C 


1)0 Input offset current 


25°C 


7 100 


7 100 


nA 


Full range 


250 


250 


l|B Input bias current 


25°C 


— 0.7 — 1.5 


— 0.7 — 1 .5 


uA 


Full range 


- 1.8 


- 1.8 


Common-mode input 
voltage range 


R S = 50 SI 


25°C 


-15 -15.3 
to to 
13 13.2 


-15 -15.3 
to to 
13 13.2 


V 


Full range 


-15 -15.3 
to to 
12.7 12.9 


-15 -15.3 
to to 
12.7 12.9 


., Maximum positive peak 
v OM + ,1 ■ 
output voltage swing 


|q = - 150 uA 


25°C 


13.8 14.1 


13.8 14.1 


V 


l = - 1.5 mA 


13.7 14 


13.7 14 


Iq = - 15 mA 


13.1 13.7 


13.1 13.7 


Iq = -100uA 


Full range 


13.7 


13.7 


Iq = - 1 mA 


13.6 


13.6 


Iq = - 10 mA 


13.1 


13 1 


v Maximum negative peak 
~ output voltage swing 


Iq = 150 uA 


25°C 


-14.7 -14.9 


- 14.7 - 14.9 


V 


Iq = 1.5 mA 


- 14.5 - 14.8 


- 14.5 - 14.8 


Iq = 15 mA 


- 13.4 - 13.8 


-13.4 -13.8 




Iq = 100 uA 


Full range 


— 14.6 


- 14.6 




Iq - 1 mA 


- 14.5 


- 14.5 




Iq = 10 mA 


- 13.4 


— 13.4 




. Large-signal differential 
voltage amplification 


V Q = ±10V, R L = 2k£l 


25°C 


100 450 


100 450 


V/mV 


Full range 


20 


20 


rj Input resistance 




25°C 


65 


65 


Mn 


Cj Input capacitance 




25°C 


25 


2.5 


pF 


z Open-loop output impedance 


f ■ 1 MHz 


25°C 


30 


30 


n 


CMRR Common - m °* 
rejection ratio 


V IC = V ICR min . 
Rs = 50 n 


25°C 


85 108 


85 108 


dB 


Full range 


80 


80 


Supply-voltage rejection ratio 
SVR (AV CC± /AV| ) 


V C c± = ± 2-5 V to ±15 V, 
R s = 50 £2 


25°C 


90 106 


90 106 


dB 


Full range 


85 


85 


los Short-circuit output current 


Vq = o 


V, D = 1 V 


25°C 


-25 -50 


-25 -50 


mA 


V| D = -1 V 


20 31 


20 31 


ICC Supply current 


V = 0, No Load, 
V| C = 2.5 V 


25°C 


3.5 4.5 


3.5 4.5 


mA 


Full range 


4.7 


4.7 



TFull range is -55°C to 125°C. 
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TLE2141M, TLE2141AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
DECISION OPERATIONAL AMPLIFIERS 



operating characteristics, Vqc± = ±15V 



PARAMETER 


TEST CONDITIONS 


Ta 


TLE2141M 


TLE21 41AM 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR + Positive slew rate 


AyD = - 1 ■ Rl = 2 kli, 
C L = 100 pF 


25°C 


30 45 


30 45 


V/ps 


SR - Negative slew rate 


25°C 


30 42 


30 42 


Settling time 


AyD - -1. 
10 V Step 


To 0.1% 


25°C 


0.34 


0.34 


ps 


To 0.01% 


.4 


.4 


Equivalent input noise 
n voltage 


R s = 100 a, f = 10 Hz 


25°C 


15 


15 


nVI-lHz 


R s = 100 Q, f = 1 kHz 


10.5 


10.5 


Peak-to-peak equivalent 

VMf pp\ 

" |rr| input noise voltage 


f = 0.1 Hz to 1 Hz 


25°C 


0.48 


0.48 


pV 


f = 0.1 Hz to 10 Hz 


0.51 


0.51 


Equivalent input noise 
" current 


f = 10 Hz 


25°C 


1.89 


1.89 


pA/VRz 


f = 1 kHz 


0.47 


0.47 


_ . . Total harmonic distortion 
THO + N 

plus noise 


V 0(PP) = 20 V, R L = 2 k£l, 
A V D = 10, f = 10 kHz 


25°C 


0.01 % 


0.01 % 




Bf Unity-gain bandwidth 


R L ■ 2kn, C L = 100 pF 


25°C 


6 


6 


MHz 


Gain-bandwidth product 


R L = 2k£l, C L = 100 pF, 
f = 100 kHz 


25°C 


5.9 


5.9 


MHz 


Maximum output-swing 
^ M bandwidth 


V (PP) = 20 V, R L = 2 Wl, 
A VD = 1, C L = 100 pF 


25°C 


668 


668 


kHz 


Phase margin at unity 
™ gain 


R L = 2k£l, C L = 100 pF 


25°C 


58° 


58° 
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TLE2141Y 

EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIER 



electrical characteristics at specified free-air temperature, Vcc± = ± 15 V, T A = 25°C 
(unless otherwise noted) 



PARAMETER 


tcct nriwniTlrtWC 


TLE2141Y 


UNIT 






MIN 


TYP 


MAX 


VlO 


Input offset voltage 








200 


1000 


uV 


ho 


Input offset current 


V| C =0, R S = 50 Q, V = 




7 


100 


nA 


'IB 


Input bias current 








-0.7 


-1.5 


uA 


VlCR 


Common-mode input 
voltage range 


Rs = 50 n 


-15 
to 
13 


-15.3 
to 
13.2 




V 




Maximum positive peak 
output voltage swing 


l o = -150uA 


13.8 


14.1 






V0M + 


l = -1.5 mA 


13.7 


14 




V 




l = -15mA 


13.3 


13.7 








Maximum negative peak output 
voltage swing 


l Q = 150 uA 


-14.7 


-14.9 






V M- 


Iq = 1.5 mA 


-14.5 


-14.8 




V 




Iq = 15 mA 


-13.4 


-13.8 






A V D 


Large-signal differential 
voltage amplification 


V Q = ±10V, R|_ = 2 k£l 


100 


450 




V/mV 


r i 


Input resistance 




65 


Ma 


c i 


Input capacitance 




2.5 


PF 


z o 


Open-loop output impedance 


f = 1 MHz 


30 


n 


CMRR 


Common-mode 
rejection ratio 


V IC = V ICR mi ". Rs = 50 a 


80 


108 




dB 


ksVR 


Supply-voltage rejection ratio 
(AV CC± /AV, ) 


V CC± = ±2.5Vto±15V, R S = 50 SI 


85 


106 




dB 


tos 


Short-circuit output current 


Vq = o 


V| D = 1 V 


-25 


-50 




mA 


V ID =-1V 


20 


31 






Supply current 


Vq = 0, No Load 




3.5 


4.5 


mA 
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TLE2141, TLE2141A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 



TABLE OF GRAPHS 


FIGURE 


VlO 


Input offset voltage 


Distribution 


1 


ho 


Input offset current 


vs 


Temperature 


2 


l|B 


Input bias current 






vs 
vs 


~T 

Common-mode voltage 


3 
4 








vs 


Supply voltage 


5 




Maximum positive peak output voltage 


vs 
vs 


Temperature 
Output current 


6 
7 








vs 


Settling time 


9 








vs 


Supply voltage 


5 


VOM- 


Maximum negative peak output voltage 


vs 
vs 


Temperature 
Output current 


6 
8 








vs 


Settling time 


9 


Vo(PP) 


Maximum peak-to-peak output voltage swing 


vs 


Frequency 


10 




High-level output voltage 


vs 


Output current 


11 


Vol 


Low-level output voltage 


vs 


Output current 


12 




Differential voltage amplification 


vs 
vs 


Temperature 
Frequency 


13 
14 


2 o 


Closed loop output impedance 


VS 


Frequency 


15 


tos 


Short-circuit output current 


vs 


Temperature 


16 


PME3D 


Common-mode rejection ratio 


vs 
vs 


Frequency 
Temperature 


17 
18 


*SVR 


Supply-voltage rejection ratio 


vs 
vs 


Frequency 
Temperature 


19 
20 


'cc 


Supply current 




vs 
vs 


Temperature 
Supply-voltage 


21 

22 


VN 


Noise voltage 




vs 


Frequency 


23 


V NPP 


Noise voltage 




Over a 1 0-second period 


24 


In 


Equivalent input noise current 


vs 


Frequency 


25 


THD + N 


Total harmonic distortion plus noise 


vs 


Frequency 


26 


SR 


Slew rate 




vs 


Temperature 


27 




vs 


Load capacitance 


28 






Noninverting large-signal 


vs 


Time 


29 




Pulse response 


Inverting large-signal 


vs 


Time 


30 






Small-signal 


vs 


Time 


31 




Unity-gain bandwidth 


vs 


Load capacitance 


32 


Gain margin 


vs 


Load capacitance 


33 




Phase margin 




vs 


Load capacitance 


34 


Phase shift 


vs 


Frequency 


14 



tData at high and low temperatures are applciable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2141, TLE2141A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICSt 



TLE2141 
DISTRIBUTION OF 
INPUT OFFSET VOLTAGE 



24 



20 



' 16 
S 

3 

o 12 



s 

8 8 



1 1 

236 Units test 

Vcc± = ±15 


1 

Bd frc 

V 


1 

>m 1 


1 

wafei 


lot 








TA 
PP 


a 25 
sckar. 




























r 


















































r 


1 F 














1 





-800 -400 400 800 

V|o - Input Offset Voltage - |iV 

Figure 1 



INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 



V = 
V| C = 



±2.5 V 




V C C± = ± 15V 



-75 - 50 - 25 25 50 75 100 125 150 
Ta - Free-Air Temperature - °C 

Figure 2 



-1000 



-900 



-800 



1 

I 



o 

V) 
CO 

in 



I 

m 

- -600 



-500 



INPUT BIAS CURRENT 
vs 

FREE-AIR TEMPERATURE 



vo 

V|C 


= 
= 


















vcc 


± = 


t2.5\ 






































cc± 


= ±1 


5V 

























-75 - 50 - 25 25 50 75 100 125 150 
Ta - Free-Air Temperature - »C 

Figure 3 



INPUT BIAS CURRENT 
vs 

COMMON-MODE INPUT VOLTAGE 



-0.2 



i 

I -0.4 
c 

I -0.6 



-1.2 



-1.4 



vcc 


I 

t = ± 


2.5 V 














































TA = 


125'C 
















TA = 


25»C 
















ta 


= -5! 


i'C 























-3 -2.5 -2 -1.5 -1 -0.5 0.5 
V IC - Common-Mode Input Voltage - V 

Figure 4 
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TLE2141, TLE2141A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICSt 



MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 



I 
E 

3 

E 

'I 
2 

I 

8 

> 



24 
18 
12 
6 

-6 
-12 
-18 
-24 



I I 

Ri = 2kfl 
Tr- 




































Vol 


4 + 














































Vol 


4- 







































3 6 9 12 15 18 21 
V CC± - Supply Voltage - V 

Figure 5 

MAXIMUM POSITIVE PEAK 
OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 



24 



14.6 




-0.4 -1 -4 -10 

lo - Output Current - mA 

Figure 7 



-40 -100 



C OUTPUT VOLTAGE 

VS 

FREE-AIR TEMPERATURE 



15 



> 

1 14.6 



14.2 



| -14.2 
|-14.6 
-15 



vcc 


I 

± = 


±15\ 


1 
























R 


L= < 










vo 


M + 




















-Rl 


a 2k 


n — 


























RL = 2kO 
































oo 




'UM- 







- 75 - 50 - 25 25 50 75 100 125 150 
T^ - Free-Air Temperature - *C 

Figure 6 

MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 
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tpata at high and low temperatures are applciable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2141, TLE2141A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICSt 
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vs 
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TLE2141, TLE2141A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICSt 



LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 
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TLE2141, TLE2141A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICSt 
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vs 
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vs 
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TLE2141, TLE2141A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS t 
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vs 

FREE-AIR TEMPERATURE 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges ot the various devices. 



Texas 
Instruments 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 3 49 



TLE2141, TLE2141A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICSt 



NOISE CURRENT 
vs 

FREQUENCY 
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SLEW RATE 
vs 

LOAD CAPACITANCE 
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tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges ot the various devices. 
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EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION OPERATIONAL AMPLIFIERS 
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tData at high and low temperatures are applciable only within the rated operating free-air temperature ranges of the various devices. 
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PRECISION DUAL OPERATIONAL AMPLIFIERS 

D3667, MARCH 1991 



available features 



Low Noise: 
10 Hz .. 
1 kHz 



15 nV/VHz 
10.5 nV/VHz 



10,000-pF Load Capability 

20-mA Min Short-Clrcuit Output Current 

30-V/^s Min Slew Rate 

High Gain-Bandwidth Product ... 5.9 MHz 

SLEW RATE 
vs 

LOAD CAPACITANCE 



• Low V| ... 750 nV Max at 25°C 

• Single or Split Supply ... 4 V to 44 V 

• Fast Settling Time . . 

• Saturation Recovery 

• Large Output Swing 



340 ns to 0.1% 
400 ns to 0.01% 

. . 150 ns 

. V CC _ + 0.1 V 
to V C C+ -1 V 



EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 
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description 

The TLE2142 and TLE2142A are high-performance internally compensated operational amplifiers built using Texas 
Instruments complementary bipolar Excalibur process. The TLE2142A is a tighter offset-voltage grade of the 
TLE2142. Both are pin-compatible upgrades to standard industry products. 

AVAILABLE OPTIONS 







PACKAGE 


TA 


V|Q max 
AT 25"C 


SMALL- 
OUTLINE 
(D) 


CHIP 
CARRIER 
(FK) 


CERAMIC 
DIP 

(JG) 


METAL 
CAN 

(L) 


PLASTIC 
DIP 

(P) 


CHIP 
FORM 

(Y) 


0°Cto 
70-C 


750 nV 
1200uV 


TLE2142ACD 
TLE2142CD 








TLE2142ACP 
TLE2142CP 




- 40°C to 
105°C 


750 (iV 
1200uV 


TLE2142AID 
TLE2142ID 








TLE2142AIP 
TLE2142IP 


TLE2142Y 


- 55°C to 
125°C 


750 ^V 
1200uV 


TLE2142AMD 
TLE2142MD 


TLE2142AMFK 
TLE2142MFK 


TLE2142AMJG 
TLE2142MJG 


TLE2142AML 
TLE2142ML 


TLE2142AMP 
TLE2142MP 





D packages are available taped and reeled. Add "R" suffix to device type, (e.g., TLE2142ACDR). 



PRODUCTION DATA documents contain inlormation 
current as of publication date. Products conform to 
specifications per the terms of Texas Instruments 
luction processing does not 



testing of a 



Texas 



Copyright © 1 991 , Texas Instruments Incorporated 
On products compliant to MIL-STD-883. Class B, all 
parameters are tested unless otherwise noted. On all 
other products, production processing does not 



TLE2142, TLE2142A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 



description (continued) 

The design_ incorporates a patent-pending input stage that simultaneously achieves low audio band noise of 
1 0.5 nVMHz with a 6-Hz 1/f corner and symmetrical 40-V/u.s slew rate typically with loads up to 800 pF. The resulting 
low distortion and high power-bandwidth are important in hi-fi audio applications. A fast settling time of 340 ns to 
0.1% of a 10-V step with a 2-kO/100-pF load is useful in fast actuator/positioning drivers. Under similar test 
conditions, settling time to 0.01% is 400 ns. 

The devices are stable with capacitive loads up to 10 nF, although the 6-MHz bandwidth decreases to 1 .8 MHz at 
this high loading level. As such, the TLE2142 and TLE2142A are useful for low droop sample-and-holds and direct 
buffering of long cables, including 4-mA to 20-mA current loops. 

The special design also exhibits an improved insensitivity to inherent IC component mismatches as is evidenced 
by a 750-u.V maximum offset voltage and 1 .7-u.V/°C typical drift. Minimum common-mode rejection ratio and supply- 
voltage rejection ratio are 85 dB and 90 dB, respectively. 

Device performance is relatively independent of supply voltage over the +2-V to +22-V range. Inputs can operate 
between Vqq_-0.3 V to Vqq + -1.8 V without inducing phase reversal, although excessive input current may flow 
out of each input exceeding the lower common-mode input range. The all-NPN output stage provides a nearly rail- 
to-rail output swing of Vcc-+ n - 1 v 10 V CC+ -1 V under light current loading conditions. The device can sustain 
shorts to either supply since output current is internally limited, but care must be taken to ensure that maximum 
package power dissipation is not exceeded. 

Both versions can also be used as comparators. Differential inputs of Vcc± can be maintained without damage to 
the device. Open-loop propagation delay with TTL supply levels is typically 200 ns. This gives a good indication as 
to output stage saturation recovery when the device is over-driven beyond the limits of recommended output swing. 

Both the TLE2142 and TLE2142A are available in a wide variety of packages, including both the industry-standard 
8-pin small-outline version and chip form for high-density system applications. The C-suffix devices are character- 
ized for operation from 0°C to 70°C, the l-suffix from -40°C to 105°C, and the M-suffix over the full military 
temperature range of -55°C to 125°C. 
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D, JG, OR P PACKAGE 
(TOP VIEW) 



1 OUT [ 1 U 
1 IN-[ 2 
1 IN + [ 3 

Vcc-C 4 



8 ] V CC + 
7 ] 2 OUT 
6 1 2 IN - 
5]2IN + 



FK PACKAGE 
(TOP VIEW) 



2 ° 
o O o oo 
z z > z 



L PACKAGE 
(TOP VIEW) 




1 IN- 
NC 

1 IN + 
NC 



OUT 





I II II 1 1 1 1 1 

3 2 1 20 19 




]« 




18[ 






W 


]■ 




16[ 


]? 




«t 


]■ 




,4[ 




9 10 11 12 13 






I — II — II — II — II — I 





v C c + 

1 OUT -^CTk. 2 OUT 

1 IN - (CD ©)2IN- 

1 IN + vJ^/2 IN ■ 

VCC- 



Pin 4 of the L package is in electrical 
contact with the case. 



O I o + o 
z o z z z 

>° = 

NC - No internal connection 

chip information 

These chips, properly assembled, display characteristics similar to the TLE2142, (see electrical table on page 18). 
Thermal compression or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be 
mounted with conductive epoxy or a gold-silicon preform. 



BONDING PAD ASSIGNMENTS 



1 OUT(1) 




2 OUT (7) 



80 



I I I 



I I 



CHIP THICKNESS: 
15 TYPICAL 

BONDING PADS: 
4X4 MINIMUM 

Tjmax = 150°C 

TOLERANCES 
ARE ±10% 

ALL DIMENSIONS 
ARE IN MILS 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Supply voltage, V cc+ (see Note 1) 22 V 

Supply voltage, V cc _ -22 V 

Differential input voltage (see Note 2) V CC+ ,0 V CC- 

Input voltage range, V| (any input) V CC+ ,0 V CC- ~ 3 v 

Input current, l| (each input) ±1 mA 

Output current, Iq ±80 mA 

Total current into Vqq + terminal 1 60 mA 

Total current out of ^CC- terminal 160 mA 

Duration of short-circuit current at (or below) 25°C (see Note 3) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T^: C-suffix 0°C to 70°C 

l-suffix -40°C to 105°C 

M-suffix -55°C to 125°C 

Storage temperature range -65°C to 1 50°C 

Case temperature for 60 seconds: FK package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package 300°C 

NOTES: 1 . All voltage values, except differential voltages, are with respect to the midpoint between Vqc + and Vcc- 

2. Differential voltages are at the noninverting inputwith respect to theinverting input. Excessive current will flow if inputis broughtbelow 
V C C-- 3 V. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 



DISSIPATION RATING TABLE 



PACKAGE 


T A S 25-C 
POWER RATING 


DERATING FACTOR 
ABOVE T A = 25'C 


T A = 70 °C 
POWER RATING 


T A = 105°C 
POWER RATING 


T A = 125»C 
POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


261 mW 


145 mW 


FK 


1375 mW 


11.0 mW/°C 


880 mW 


495 mW 


275 mW 


JG 


1050 mW 


8.4 mW/°C 


672 mW 


378 mW 


210 mW 


L 


650 mW 


5.2 mW/°C 


416 mW 


234 mW 


130 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 


360 mW 


200 mW 



recommended operating conditions 







C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 






MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


Supply voltage, V cc ± 


±2 


+ 22 


± 2 


± 22 


± 2 


± 22 


V 


Common-mode input voltage, V|q 


V C C = 5V 





2.9 





2.7 





2.7 


V 


V CC ± - 15 V 


-15 


12.9 


- 15 


12.7 


- 15 


12.7 


Operating free-air temperature, T A 





70 


- 40 


105 


-55 


125 


°c 
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electrical characteristics at specified free-air temperature, Vrjc = 5 V (unless otherwise noted) 



PARAMETER 




T»t 
'A 


TLE2142C 


TLE2142AC 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


v IO 


input offset voltage 




25°C 




220 


1900 




200 


1500 


uV 




Full range 


2200 


1800 


«VIO 


Temperature coefficient of 
input offset voltage 


Vq = 2 5 V, R s = 50 £1, 


Pi ill rannp 

run 1 ally 


1.7 


1.7 


u.V/°C 


'lO 


Input offset current 


V| C = 2.5 V 


25°C 




8 


100 


8 100 


nA 




Full range 


150 


150 


1. _ 

MB 


Input bias current 




25°C 




-0.8 


-2 




-0.8 


-2 


uA 




Full range 


-2.1 


-2.1 













-0.3 







-0.3 












25°C 


to 


to 




to 


to 






V ICR 


Common-mode input 


Mg — OU \l 




3 


3.2 




3 


3.2 




V 


voltage range 


Full range 



to 

2.9 







to 

2.9 










| 

l OH - 150 nA 


25°C 


3.9 


4.1 




3.9 


4.1 










Full range 


3.8 






3.8 




VOH 


High-level output voltage 


'OH - ' -5 m A 


25°C 


3.8 


4 





3.8 


4 






Full range 


3.7 


3.7 


V 






'OH = — 15 mA 


25°C 


3.4 


3.7 




3.4 


3.7 










Full range 


3.4 


3.4 








IqL =1^0 JiA 


25°C 




75 


125 




75 


125 








Full range 


150 


150 


mV 


vol 


Low-level output voltage 


IqL. = 1 5 mA 


25 r C 




150 


225 




150 


225 


Full range 


250 


250 








l<-\i - 15 mA 


25°C 




1.2 


1.6 




1.2 


1.6 


V 






Full range 


1.7 


1.7 


A VD 


Large-signal differential 


V cc = ± 2.5 V, R[_ = 2 k£i, 


25°C 


50 


220 




50 


220 




V/mV 


voltage amplification 


V Q = 1 V to- 1.5 V 


Full range 


25 


25 


n 


Input resistance 




25°C 


70 


70 


Ma 


Cj 


Input capacitance 




25°C 


2.5 


2.5 


pF 


z o 


Open-loop output impedance 


f = 1 MHz 


25°C 


30 


30 


a 


CMRR 


Common-mode 


V IC = V ICR min . 


25°C 


85 


118 




85 


118 




dB 


rejection ratio 


R s = son 


Full range 


80 


80 


k SVR 


Supply-voltage rejection ratio 


V CC± - ±2.5Vto±15V, 


25°C 


90 


106 




90 


106 




dB 


(AV CC± /AV| ) 


Rs = son 


Full range 


85 


85 


'cc 


Supply current 


Vq = 2 5 V, No Load, 


25°C 




6.6 


8.8 


6.6 8.8 


mA 


V, c = 2.5 V 


Full range 


9.2 


9.2 



t Full range is 0°C to 70°C. 
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TLE2142C, TLE2142AC 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc = 5 V 



PARAMETER 


TEST CONDITIONS 


TA 


TLE2142C 


TLE2142AC 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR + Positive slew rate 


Avd *■— 1. R|_ = 2kIT, 
C L = 500 pF 


25°C 


45 


45 


V/us 


SR — Negative slew rate 


42 


42 


Settling time 


Avd - -i. 

2.5-V Step 


To 0.1% 


25°C 


0.16 


0.16 


us 


To 0.01% 


0.22 


0.22 


Equivalent input noise 
n voltetge 


R s = 100 n, f = 10 Hz 


25-C 


15 


15 


nVMHz 


R s = 100 £2, f = 1 kHz 


10.5 


10.5 


Peak-to-peak equivalent 
^N(PP) input noise voltage 


f = 0.1 Hztol Hz 


25°C 


0.48 


0.48 


uV 


f = 0.1 Hz to 10 Hz 


0.51 


0.51 


Equivalent input noise 
n current 


f = 10 Hz 


25°C 


1.92 


1.92 


pA/Vflz 


f = 1 kHz 


0.5 


0.5 


Total harmonic distortion 
THD + N , 

plus noise 


V Q = 1 V to 3 V, R[_ = 2 kflt, 
A V d = 2 . f- 10 kHz 


25°C 


0.0052 % 


0.0052 % 




B<| Unity-gain bandwidth 


R|_ = 2kQ', C L = 100 pF 


25°C 


5.9 


5.9 


MHz 


Gain-bandwidth product 


R L = 2 k£lt, c L = 100 pF, 
f = 100 kHz 


25°C 


5.8 


5.8 


MHz 


Maximum output-swing 
B ° M bandwidth 


R L = 2 kfl', V 0( pp) = 2 V, 

a V d = 1. c L = ioopF 


25°C 


5.9 


5.9 


MHz 


. Phase margin at unity- 
gain 


RL = 2W1', C L = 100 pF 




57° 


57° 





+ Note: R|_ terminates at 2.5 V. 
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TLE2142C, TLE2142AC 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vcc± = ± 15 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2142C 


TLE2142AC 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


V|q Input offset voltage 


V|C - o, 
R S = 50 Q, 
Vn = 


25°C 


290 1200 


275 750 


M-V 


Full range 


1600 


1200 


Temperature coefficient of 
vlu input offset voltage 


Full range 


1.7 


1.7 


u.V/°C 


l|0 Input offset current 


25°C 


7 100 


7 100 


nA 


Full range 


150 


150 


l|B Input bias current 


25°C 


-0.7 -1.5 


-0.7 -1.5 


uA 


Full range 


- 1.6 


-1.6 


Common-mode input 
voltage range 


Rs = 50 Si 


25°C 


-15 -15.3 
to to 
13 13.2 


-15 -15.3 
to to 
13 13.2 


V 


Full range 


-15 -15.3 
to to 
12.9 13.1 


-15 -15.3 
to to 
12.9 13.1 


Maximum positive peak 
output voltage swing 


In = - 150 uA 


25°C 


13.8 14.1 


13.8 14.1 


v 


Full range 


13.7 


13.7 


Iq = — 1 .5 mA 


25°C 


13.7 14 


13.7 14 


Full range 


13.6 


13.6 


Iq = — 15 mA 


25°C 


13.1 13.7 


13.1 13.7 


Full range 


13 


13 


Maximum negative peak 
~ output voltage swing 


l Q = 150 uA 


25°C 


-14.7 -14.9 


-14.7 -14.9 


V 


Full range 


- 14.6 


- 14.6 


l Q = 15 mA 


25°C 


-14.5 -14.8 


-14.5 -14.8 


Full range 


- 14.4 


- 14.4 


Iq = 15 mA 


25°C 


-13.4 -13.8 


-13.4 -13.8 


Full range 


- 13.3 


- 13 3 


Large-signal differential 
voltage amplification 


V D = ±10 V 


25°C 


100 450 


100 450 


V/mV 


Full range 


75 


75 


q Input resistance 


R L = 2k£l 


25°C 


65 


65 


MSI 


Cj Input capacitance 




25°C 


2.5 


25 


PF 


2 Open-loop output impedance 


f a 1 MHz 


25°C 


30 


30 


n 


CMRR Common - mode 
rejection ratio 


V IC = V ICR min . 
R s = 50 a 


25°C 


85 108 


85 108 


dB 


Full range 


80 


80 


Supply-voltage rejection ratio 
SVR (AV CC± /AV| ) 


V CC± = + 2.5Vto±15V, 
R s = 50 n 


25-C 


90 106 


90 106 


dB 


Full range 


85 


85 


los Short-circuit output current 


V Q = 


V ID - 1 V 


25°C 


-25 -50 


-25 -50 


mA 


V 1D a -1V 


20 31 


20 31 


Iqc Supply current 


V Q = 0, No Load 


25-C 


6.9 9 


6.9 9 


mA 


Full range 


9.4 


9.4 



1 Full range is 0°C to 70°C. 



360 



, Texas ^ 
Instruments 

POST OFFICE BOX 655X3 • DALLAS. TEXAS 75265 



TLE2142C, TLE2142AC 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vcc+ = ± 1 5 V 



PARAMETER 


TEST CONDITIONS 


T A 


TLE2142C 


TLE21 42 AC 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR + Positive slew rate 


AvD = -1. R L = 2k£i, 
C L = 500 pF 


25°C 


30 45 


30 45 


V/us 


SR — Negative slew rate 


25°C 


30 42 


30 42 


Settling time 


AvD = -1. 
10 V Step 


To .1% 


25°C 


0.34 


0.34 


us 


To 0.01% 


0.4 


0.4 


Equivalent input noise 
n voltage 


Rs = 100 a, f = 10 Hz 


25°C 


15 


15 


nV/VHl 


R s = 100 a, f = 1 kHz 


10.5 


10.5 


Peak-to-peak equivalent 

r*(r r J inm it nnico urtltano 

' IIIUUL I EUtoC? VUllaUo 


f = 0.1 Hz to 1 Hz 


25°C 


0.48 


0.48 


uV 


f = 0.1 Hz to 10 Hz 


0.51 


0.51 


Equivalent input noise 
^ current 


f = 10 Hz 


25°C 


1.89 


1.89 


pA/i/Hz 


f = 1 kHz 


0.47 


0.47 


Total harmonic distortion 

THD + N 

plus noise 


V Q = 20 Vpp, R|_ = 2 kfl, 
A VD = 10, f = 10 kHz 


25°C 


0.01% 


0.01% 




Bi Unity-gain bandwidth 


R L = 2kn, C L = 100 pF 


25°C 


6 


6 


MHz 


Gain-bandwidth product 


R|_ = 2k£2, C[_ = 100 pF. 
f = 100 kHz 


25-C 


5.9 


5.9 


MHz 


Maximum output-swing 
OM bandwidth 


V 0(PP) = 20 V, R L = 2kiJ. 
AvD = C L = 100 pF 


25°C 


668 


668 


kHz 


Phase margin at unity 
*m gain 


R L = 2kn, C L = 100 pF 


25°C 


58° 


58° 
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TLE2142I, TLE2142AI 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqc = 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


•A 


TLE2142I 


TLE2142AI 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


vio 


Input offset voltage 




25°C 




220 


1900 




220 


1500 


uV 




Full range 


2400 


2000 


«VIO 


Temperature coefficient of 
input offset voltage 


V/~» -25V 
R5 50 £1 
V,„ p r u 

V|Q - ^.O V 


Full range 


1.7 


1.7 


(iV/°C 


'IO 


Input offset current 


25°C 




8 


100 




8 


100 


nA 


Full range 


200 


200 


'IB 


Input bias current 




25°C 




-0.8 


-2 




-0.8 


-2 






Full range 


-2.2 


-2.2 













-0.3 







-0.3 












25°C 


to 


to 




to 


to 






V ICR 


Common-mode input 






3 


3.2 




3 


3.2 




u 

V 


voltage range 


Full range 



to 

2.7 


-0.3 
to 
2.9 





to 

2.7 


-0.3 
to 
2.9 








l OH =-150uA 




3.9 


4.1 




3.9 


4 1 










'OH = - 1 -5 mA 


25°C 


3.8 


4 




3.8 


4 






v OH 


High-level output voltage 


Iqh = - 15 mA 




3.4 


3.7 




3.4 


3.7 




V 


Iqh = 100 uA 




3.8 


3.8 






Iqh - 1 mA 


Full range 


3.7 


3.7 








l H = 10 mA 




3.5 


3.5 








l 0L = 150 uA 






75 


125 




75 


125 


mV 






'OL = m A 


25°C 




150 


225 




150 


225 


vol 


Low-level output voltage 


Iql = 15 mA 






1.2 


1.6 




1.2 


1.6 


V 


l OL =100uA 




175 


175 


mV 






Iql = 1 mA 


Full range 


225 


225 






l OL = 10 mA 




1.4 


1.4 


V 




Large-signal differential 


V CC = ±2.5 V, R L = 2k£J, 


25°C 


50 


220 




50 


220 




V/mV 


voltage amplification 


Vq = 1 V to -1.5 V 


Full range 


10 


10 


n 


Input resistance 




25°C 


70 


70 


M£l 




Input capacitance 




25°C 


2.5 


2.5 


pF 




Open-loop output impedance 


f = 1 MHz 


25°C 


30 


30 


a 


CMRR 


Common-mode 


V IC = V ICR min, 


25°C 


85 118 


85 


118 




dB 


rejection ratio 


R s = 50 n 


Full range 


80 


80 


k SVR 


Supply-voltage rejection ratio 


V CC± = ±2.5 Vto±15 V, 


25°C 


90 


106 




90 


106 




dB 


(AV cc± /AV ra ) 


Rs = 50 n 


Full range 


85 


85 


ice 


Supply current 


Vq = 2.5 V. No Load 


25°C 




6.6 


8.8 




6.6 


8.8 


mA 


V| C = 2.5 V 


Full range 


9.2 


9.2 



t Full range is - 40°C to 105°C. 
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TLE2142I, TLE2142AI 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vqq = 5 v 



PARAMETER 


TEST CONDITIONS 


T A 


TLE2142I 


TLE2142AI 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR + Positive slew rate 


A VD = - 1 R L = 2 k£i '' 
C L = 500 pF 


25°C 


45 


45 


V/us 


SR - Negative slew rate 


42 


42 


Settling time 


Ayp = - 1, To 0.1% 


25°C 


0.16 


0.16 


"S 


2.5-VStep To 0.01% 


022 


0.22 


Equivalent input noise 
n voltage 


R s = 100 n, f = 10 Hz 


25°C 


15 


15 


nV/VHz 


R S = 100 n, f = 1 kHz 


10.5 


10.5 


Peak-to-peak equivalent 
V N(PP) i n p U t no j se voltage 


f = 0.1 Hz to 1 Hz 


25°C 


0.48 


0.48 


uV 


f = 0.1 Hz to 10 Hz 


0.51 


0.51 


Equivalent input noise 
n current 


f = 10 Hz 


25°C 


1.92 


1.92 




f = 1 kHz 


0.5 


0.5 


Total harmonic distortion 
THD + N plus noise 


V Q = 1 V to 3 V, R L = 2 k£lt, 
A V D = 2. f = 10kHz 


25°C 


0.0052 % 


0.0052 % 




B-| Unity-gain bandwidth 


R L = 2k£T, C L = 100 pF 


25°C 


5.9 


5.9 


MHz 


Gain-bandwidth product 


R|_ = 2kO>, C|_ = 100 pF, 
f = 100 kHz 


25°C 


5.8 


5.8 


MHz 


Maximum output-swing 
B ° M bandwidth 


R L = 2 kQf, V 0( pp) = 2 V, 
A V D = 1. C L = 100pF 


25°C 


5.9 


5.9 


MHz 


. Phase margin at unity- 
*m 

gain 


R[_ = 2knt, C L = 100 pF 


25°C 


57° 


57° 





* Note: R L terminates at 2.5 V. 



TLE2142I, TLE2142AI 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-alrtemperature,Vcc± = ± 15V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




TLE2142I 


TLE2142AI 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


V|q Input offset voltage 


Vic = °. R s = 50 a, 
v = o 


25°C 


290 1200 


275 750 


pV 


Full range 


1800 


1400 


Temperature coefficient of 
a VO input offset voltage 


run itiiiyt; 


1 7 


1.7 


fiV/°C 


l|0 Input offset current 


25°C 


7 100 


7 100 


nA 


Full range 


200 


200 


l|B Input bias current 


25°C 


-0.7 -1.5 


-0.7 -1.5 


uA 


Full range 


-1.7 


-1.7 


Common-mode input 
voltage range 


R s = 50 n 


25°C 


-15 -15.3 
to to 
13 13.2 


-15 -15.3 
to to 
13 13.2 


V 


Full range 


-15 -15.3 
to to 
12.7 12.9 


-15 -15.3 
to to 
12.7 12.9 


Maximum positive peak 
+ output voltage swing 


In = -150 uA, 
Iq = - 1 5 mA, 
In = - 15 mA 


25°C 


13.8 14.1 


13.8 14.1 


V 


13.7 14 


13.7 14 


13.1 13.7 


13.1 13.7 


Iq - - 100 uA, 
Iq = - 1 mA, 
l Q = - 10 mA 


Full range 


13.7 


13.7 


13.6 


13.6 


13.1 


13.1 


Maximum negative peak 
~ output voltage swing 


Iq= 150 uA, 
l Q = 1.5 mA, 
l D = 15 mA 


25°C 


-14.7 -14.9 


-14.7 -14.9 


V 


-14.5 -14.8 


-14.5 -14.8 


-13.4 -13.8 


- 13.4 - 13.8 


l = 100 uA, 
Iq - 1 mA, 
Iq m 10 mA 


Full range 


- 14.6 


- 14.6 


- 14.5 


- 14.5 


- 13.4 


- 13.4 


Large-signal differential 
voltage amplification 


V Q = ±10V, R L = 2kn 


25°C 


100 450 


100 450 


V/mV 


Full range 


40 


40 


r. Input resistance 




25°C 


65 


65 


M£l 


cj Input capacitance 




25°C 


2.5 


2.5 


PF 


z Open-loop output impedance 


f = 1 MHz 


25°C 


30 


30 


n 


CMRR Commonnnode 
rejection ratio 


V|C - V ICR min 


25"C 


85 108 


85 108 


dB 


R s = 50 n 


Full range 


80 


80 


. Supply-voltage rejection ratio 
SVR (AV CC± /AV| ) 


V CC± ' ±2.5 Vto + 15V, 
R s = 50 n 


25°C 


90 106 


90 106 


dB 


Full range 


85 


85 


l0S Short-circuit output current 


v = o 


V| D = 1 V 


25°C 


- 25 - 50 


- 25 - 50 


mA 


V| D = -1 V 


20 31 


20 31 


ICC Supply current 


Vq - 0, No Load 


25°C 


6.9 9 


6.9 9 


mA 


Full range 


9.4 


9.4 



1 Full range is -40°C to 105°C. 
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TLE2142I, TLE2142AI 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vcc± = ± 1 5 V 



PARAMETER 


TEST CONDITIONS 




TLE2142I 


TLE2142AI 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR + Positive slew rate 


Avd - -1. Rl = 2kn . 

C L - 500 pF 


25°C 


30 45 


30 45 


V/U.S 


SR - Negative slew rate 


25°C 


30 42 


30 42 


Settling time 


Avd ■ -i. 

10 V Step 


To 0.1% 


25°C 


0.34 


0.34 


us 


To 0.01% 


0.4 


0.4 


Equivalent input noise 
n voltage 


R s = 100 Cl, f = 10 Hz 


25°C 


15 


15 


nV/^ 


R s = 100 n, f = 1 kHz 


10.5 


10.5 


Peak-to-peak equivalent 
( ' input noise voltage 


f = 0.1 Hz to 1 Hz 


25°C 


0.48 


0.48 


HV 


f = 0.1 Hz to 10 Hz 


0.51 


0.51 


Equivalent input noise 
n current 


t = 10 Hz 


25°C 


1.89 


1.89 


pA/Vflz 


f - 1 kHz 


0.47 


0.47 


Total harmonic distortion 

THD + N 

plus noise 


V 0(PP) = 20 V, R|_ = 2 k£2, 
A VD = 10, f = 10 kHz 


25°C 


0.01% 


0.01% 




B 1 Unity-gain bandwidth 


R[_ = 2kQ, Cl = 100 pF 


25°C 


6 


6 


MHz 


Gain-bandwidth product 


R|_ = 2kll, C L = 100 pF, 
f = 100 kHz 


25°C 


5.9 


5.9 


MHz 


Maximum output-swing 
OM bandwidth 


V 0( pp) = 20 V, R L = 2 k£2, 

Avd = 1 . c l = 100 pF 


25°C 


668 


668 


kHz 


Phase margin at unity 
*rn gain 


R|_ = 2kn, C L = 100 pF 


25°C 


58° 


58° 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, v"cc = 5 v (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A + 


TLE2142M 


TLE2142AM 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Vin 


Input offset voltage 




25°C 




220 


1900 




200 


1500 


u.V 




Full range 


2600 


2200 


a VIO 


Temperature coefficient of 
input offset voltage 


V - 2 5 V, 
R s = 50 n, 
V| C . 2.5 V 


Full range 


1.7 


1.7 


|aV/°C 




Input offset current 


25°C 




8 


100 




8 


100 


nA 


Full range 


250 


250 


lift 

Id 


Input bias current 




25°C 




-0.8 


-2 




-0.8 


-2 


uA 




Full range 


-2.3 


-2.3 













-0.3 







-0.3 












25°C 


to 


to 




to 


to 






V|CR 


Common-mode input 


RS = 50 £2 






3.2 




3 


3.2 




V 


voltage range 







-0.3 







-0.3 










Full range 


to 

2.7 


to 

2.9 




to 
2.7 


to 

2.9 










l OH =-150nA 




3.9 


4.1 




3.9 


4.1 










Iqh = — 1.5 mA 


25°C 


3.8 


4 




3.8 


4 






OH 


High-level output voltage 


Iqh = — 15 mA 




3.4 


3.7 




3.4 


3.7 






Iqh - 100 uA 




3.75 


3.75 


v 






Iqh = 1 mA 


Full range 


3.65 


3.65 








Iqh = 10 mA 




3.45 


3.45 








Iql = 150 uA 






75 


125 




75 


125 


mV 






'OL " 1-5 mA 


25°C 




150 


225 




150 


225 


vol 


Low-level output voltage 


'OL = 15 mA 






1.2 


1.6 




1.2 


1.6 


V 


Iql = 10° "A 




200 


200 


mV 






lOL = 1 ">A 


Full range 


250 


250 






Iql = 10 mA 




1.45 


1.45 


V 




Large-signal differential 


V cc = ±2.5V, R L = 2kn, 


25° 


50 220 


50 


220 




V/mV 


voltage amplification 


Vq = 1 V to -1.5 V 


Full range 


5 


5 


n 


Input resistance 




25°C 


70 


70 


Mn 


q 


Input capacitance 




25°C 


2.5 


2.5 


PF 


*0 


Open-loop output impedance 


f = 1 MHz 


25°C 


30 


30 


n 


CMRR 


Common-mode 


V IC = V ICR ™n, 


25°C 


85 


118 




85 


118 




dB 


rejection ratio 


r s = so n 


Full range 


80 


80 


k SVR 


Supply-voltage rejection ratio 


V CC± = ±2.5 Vto±15V, 


25°C 


90 


106 




90 


106 




dB 


(AV CC± /AV| ) 


R s = 50 n 


Full range 


85 


85 


tec 


Supply current 


Vq = 2.5 V, No Load 


25°C 




6.6 


8.8 




6.6 


8.8 


mA 


V| C = 2.5 V 


Full range 


9.2 


9.2 



1 Full range is -55°C to 125°C. 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 



operating characteristics, Vcc = 5 V, Ta = 25°C (unless otherwise noted) 



PARAMFTFR 

rMnHMC 1 Cn 


TEST CONDITIONS 


■A 


TLE2142M 
MIN TYP MAX 


TLE2142AM 
MIN TYP MAX 


UNIT 


SR + Positive slew rate 


Avd = - 1 ■ R L = 2 to? 
C L = 500 pF 


25°C 


45 


45 


V/US 


SR - Negative slew rate 


42 


42 


Settling time 


Avd = _1 . 

2.5-V Step 


To 0.1% 


OCof> 

do \j 


0.16 


0.16 


US 


To 0.01% 


0.22 


0.22 


Equivalent input noise 
n voltage 


R S * 100 S2, f = 10 Hz 


25°C 


15 


15 


nv/vnz 


R s = 100 S2. f = 1 kHz 


10 5 


10.5 


Peak-to-peak equivalent 
N( pp ) input noise voltage 


f = 0.1 Hztol Hz 


25°C 


0.48 


0.48 




f = 0.1 Hz to 10 Hz 


0.51 


0.51 


Equivalent input noise 
n current 


f = 10 Hz 


25°C 


1.92 


1.92 


pA/VHz 


f = 1 kHz 


0.5 


0.5 


THD N T0ta ' narmon '° distort ' on 
plus noise 


Vq = 1 V to 3 V,R L = 2 Kit, 
A VD = 2, f = 10kHz 


25°C 


0.0052% 


0.0052% 




B-| Unity-gain bandwidth 


R L = 2K1 T , C L = 100 pF 


25°C 


5.9 


5.9 


MHz 


Gain-bandwidth product 


R L = 2K1 T , C L = 100 pF, 
f = 100 kHz 


25°C 


5.8 


5.8 


MHz 


Maximum output-swing 
OM bandwidth 


R L = 2 Kit, V 0(PP) = 2 V, 

Avd ■ 1 


25°C 


5.9 


5.9 


MHz 


#m Phase margin 


R L = 2 Kit, c L = 100 pF 




57= 


57° 





t R|_ terminates at 2.5 V. 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 



electricalcharacteristicsatspecifiedfree-airtemperature,Vcc± = ± l5V(unlessotherwisenoted) 



PARAMETER 


TEST CONDITIONS 


TA 1 


TLE2142M 


TLE2142AM 


UNIT 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Vm 


Input offset voltage 






25°C 




290 


1200 




275 


750 


p.V 






Full range 


2000 


1600 


a VIO 


Temperature coefficient of 
input offset voltage 


V|C = o, 


R s = 50 n, 


Full range 


1.7 


1.7 


u,V/°C 


I in 


Input offset current 


25°C 




7 


100 




7 


100 


nA 






Full range 


250 


250 


ho 
MB 








25°C 




-0.7 


-1.5 




-0.7 


-1.5 


uA 






Full range 


-1.8 


-1.8 












-15 


-15.3 




-15 


-15.3 














25°C 


to 


to 




to 


to 






* IUn 


Common-mode input 


R S = sou 






13 


13.2 




13 


13.2 




V 


voltage range 




Full range 


-15 
to 
12.7 


- 15.3 
to 
12.9 




- 15 
to 
12.7 


-15.3 
to 
12.9 








Iq = -150pA 




13.8 


14.1 




13.8 


14.1 










Iq = -1.5 mA 


25°C 


13.7 


14 




13.7 


14 






Vqm + 


Maximum positive peak 


Iq = - 15 mA 




13.1 


13.7 




13.1 


13.7 




V 


output voltage swing 


l = -100pA 




13.7 


13.7 






Iq = - 1 mA 


Full range 


13.6 


13.6 








Iq = - 10 mA 




13.1 


13.1 








l = 150 uA 




- 14.7 


- 14.9 




- 14.7 


- 14.9 




V 






lo = 15 mA 


25°C 


-14.5 


- 14.8 




- 14.5 


-14.8 




V OM - 


Maximum negative peak 


Iq = 15 mA 




-13.4 


-13.8 




- 13.4 


-13.8 






output voltage swing 


Iq = 100 uA 




- 14.6 


- 14.6 








Iq = 1 mA 


Full range 


-14.5 


- 14.5 








Iq ■ 10 mA 




-13.4 


- 13.4 




A VD 


Large-signal differential 


V Q = ±10V, R|_ = 2kfl 


25°C 


100 


450 




100 


450 




V/mV 


voltage amplification 


Full range 


20 


20 


n 


Input resistance 




25°C 


65 


65 


Mn 


q 


Input capacitance 




25°C 


2.5 


2.5 


pF 




Open-loop output impedance 


f = 1 MHz 


25°C 


30 


30 


n 


CMRR 


Common-mode 


V|C = V| C R 


min, 


25°C 


85 


108 




85 


108 




dB 


rejection ratio 


R s = 50 n 




Full range 


80 


80 


k SVR 


Supply-voltage rejection ratio 


V cc± = +2.5 Vto±15 V, 


25°C 


90 


106 




90 


106 




dB 


(AV CC± /AV| ) 


R S = 50 £i 




Full range 


85 


85 


tos 


Short-circuit output current 


Vq = 


V| D - 1 V 


25°C 


-25 


-50 




-25 


-50 




mA 


V| D = -1 V 


20 


31 




20 


31 




!CC 


Supply current 


v ■ o. 


No Load. 


25°C 




6.9 


9 




6.9 


9 


mA 


V, c = 2.5 V 




Full range 


9.4 


9.4 



1 Full range is -55°C to 125°C. 
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TLE2142M, TLE2142AM 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 



operating characteristics, Vcc± = ± 1 5 V, Ta = 25°C (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A 


TLE2142M 


TLE2142AM 


UNIT 


MIN TYP MAX 


MIN TYP MAX 


SR + Positive slew rate 


R|_ = 2 k£l, Ayrj = - 1 , 
C L = 100 pF 


25°C 


30 45 


30 45 


V/us 


SR — Negative slew rate 




30 42 


30 42 


Settling time 


AvD - -1. 
10 V Step 


To 0.1% 


25°C 


0.34 


0.34 


f* 


To 0.01% 


4 


4 


Equivalent input noise 
voltage 


R s « 100 a, f = 10 Hz 


25°C 


15 


15 


nV/VRz 


R S = 100 £1, f = 1 kHz 


10 5 


10 5 


Peak-to-peak equivalent 
* ' input noise voltage 


f « 0.1 Hz to 1 Hz 


25°C 


0.48 


0.48 


uV 


f = 0.1 Hz to 10 Hz 


51 


51 


Equivalent input noise 


f = 10 Hz 


25°C 


1.89 


1.89 


pA/VHi 


f = 1 kHz 


47 


0.47 


Total harmonic distortion 
THD + N , 

plus noise 


V 0(PP) = 20 V, R L = 2k£l, 
A VD = 10, f = 10 kHz 


25°C 


0.01 % 


0.01 % 




Bi Unity-gain bandwidth 


R L = 2k£l, C L = 100 pF 


25»C 


6 


6 


MHz 


Gain-bandwidth product 


R[_ = 2k£2, C L = 100 pF, 
f = 100 kHz 


25°C 


5.9 


5.9 


MHz 


Maximum output-swing 
0M bandwidth 


V 0( p P) = 20 V, R L = 2k£l, 
A\/D " C L = 100 pF 


25°C 


668 


668 


kHz 


Phase margin at unity 
*m gain 


R L = 2kn, C L = 100 pF 


25°C 


58° 


58° 
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EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vcc± = ±15V, T^= 25°C 



PARAMETER 


TEST CONDITIONS 


TLE2142YC 


UNIT 


MIN 


TYP 


MAX 


VlO 


Input offset voltage 








150 


875 


uV 


l|0 


Input offset current 


V|C = 0, R s = 50 £i, Vq = 




7 


100 


nA 


'IB 


Input bias current 






-0.7 


- 1.5 


uA 


V|CB 


f.ftmmnn-mnHp inmit 

OWllMIIL^il 1 1 IUUC IM|JUL 

voltage range 


R s = 50 £1 




-15 
to 
13 


-15.3 
to 
13.2 




V 




Maximum positive peak 
output voltage swing 


l o = -150uA 


13.8 


14.1 






v OM + 


l Q = - 1.5 mA 


13.7 


14 




V 




Iq = - 15 mA 


13.3 


13.7 








Maximum negative peak output 
voltage swing 


Iq= 150 uA 


-14.7 


-14.9 






v OM- 


Iq= 1.5 mA 


-14.5 


-14.8 




V 




l D = 15 mA 


- 13.4 


-13.8 






A VD 


Large-signal differential 
voltage amplification 


Vq = +10V, R L = 2k£2 


100 


450 




V/mV 


n 


Input resistance 




65 


Ma 


Cj 


Input capacitance 




2.5 


pF 




Open-loop output impedance 


f = 1 MHz 


30 


£2 


CMRR 


Common-mode 
rejection ratio 


V|C ' V| CR min, R S = 


50 £2 


80 


108 




dB 


*SVR 


Supply-voltage rejection ratio 
(AV cc± /AV lo ) 


V CC± ■ ±2.5Vto±15V, R S = 50£2 


85 


106 




dB 


los 


Short-circuit output current 


Vq - 


V|D = 1 V 


-25 


-50 




mA 


V| D "-1V 


20 


31 




'cc 


Supply current 


Vq = 0, No Load 




6.9 


9.0 


mA 
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TLE2142, TLE2142A 

:alibur low-noise high-speed 

DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 



TABLE OF GRAPHS 


FIGURE 


V|0 


Input offset voltage 




Distribution 


1 


iio 


Input offset current 




vs 


Temperature 


2 


l|R 
ID 


Input bias current 





vs 
vs 


Temperature 
Common-mode voltage 


3 
4 








vs 


Supply voltage 


5 


v OM+ 


Maximum positive peak output voltage 


vs 
vs 


Temperature 
Output current 


6 
7 








vs 


Settling time 


9 








vs 


Supply voltage 


5 


VOM- 


Maximum negative peak output voltage 


vs 
vs 


Temperature 
Output current 


6 
8 








vs 


Settling time 


9 


v O(PP) 


Maximum peak-to-peak output voltage swing 


vs 


Frequency 


10 


VOH 


High-level output voltage 


vs 


Output current 


11 


vol 


Low-level output voltage 


vs Output current 


12 


A VD 


Differential voltage amplification 


vs 
vs 


Temperature 
Frequency 


13 
14 


z o 


Closed loop output impedance 


vs 


Frequency 


15 




Short-circuit output current 


vs 


Temperature 


16 


CMRR 


Common-mode rejection ratio 


vs 
vs 


Frequency 
Temperature 


17 
18 


k SVR 


Supply-voltage rejection ratio 


vs 
vs 


Frequency 
Temperature 


19 
20 


'cc 


Supply current 




vs 
vs 


Temperature 
Supply-voltage 


21 
22 


v N 


Noise voltage 




vs 


Frequency 


23 


V NPP 


Noise voltage 




Over a 10-second period 


24 


In 


Equivalent input noise current 


vs 


Frequency 


25 


THD + N 


Total harmonic distortion plus noise 


vs 


Frequency 


26 


SR 


Slew rate 




vs 


Temperature 


27 




vs 


Load capacitance 


28 






Noninverting large-signal 


vs 


Time 


29 




Pulse response 


Inverting large-signal 


vs Time 


30 






Small-signal 


vs 


Time 


31 


B1 


Unity-gain bandwidth 


vs 


Load capacitance 


32 


Gain margin 


vs 


Load capacitance 


33 




Phase margin 




vs 


Load capacitance 


34 


Phase shift 


vs 


Frequency 


14 
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TLE2142, TLE2142A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



* 
i 



| 



TLE2142 
DISTRIBUTION OF 
INPUT OFFSET VOLTAGE 




-800 - 400 400 800 

V|o - Input Offset Voltage - U.V 

Figure 1 



INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 



20 



O 



I 

2 



1 

Vq= o 
















V|C 


a 










































































± = ±2.5V 




























vcc 


t = i 


15 V 











































-75 - 50 - 25 25 50 75 100 125 150 
T^ - Free-Air Temperature - °C 

Figure 2 



-1000 



-900 



fc -800 

3 

o 



I 

m 



-600 



-500 



INPUT BIAS CURRENT 
VS 

FREE-AIR TEMPERATURE 



v 

V|C 


= 
= 


















vcc 


± = i 


t2.5V 




































/v 


cc± 


= ±1 


sv 

























-75 - 50 - 25 25 50 75 100 125 150 
T A - Free-Air Temperature - 'C 

Figure 3 



INPUT BIAS CURRENT 
vs 

COMMON-MODE INPUT VOLTAGE 



-0.2 



0,4 



1 

5 -0.6 
O 

0) 

m 

; -o.8 

3 

o. 
_c 

I -1 

s 

-1.2 



-1.4 



vcc 


t = ± 


2.5 V 














































TA = 


125°C 
















T A = 


25°C 
















T A 


= -5£ 


•C 























-3 -2.5 -2 -1.5 -1 -0.5 0.5 1 
V|c - Common-Mode Input Voltage - V 

Figure 4 



^ata at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2142, TLE2142A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 



> 

i 

t 



o 

I 
E 

3 

E 



I I 

Rl = 2k£l 
Ta - J5"C 






































i* 














































Vol 


A- 







































6 9 12 15 18 
V CC± - Supply Voltage - V 

Figure 5 

MAXIMUM POSITIVE PEAK 
OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 



21 



24 




-0.1 -0.4 -1 -4 -10 

lo - Output Current - mA 

Figure 7 



-40 -100 



MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

FREE-AIR TEMPERATURE 



15 



> 

I 14.6 



14.2 



13.8 



-13.8 



|-14.6 
> 



-15 



I 

V CC 


■± = 


±15V 


























R 












v 


M + 












* ) 






i * 


t " 


= 2k 


i — 
i » 


























Rl = 2 kn 






























*L = 


oo 




•UM- 








— 1 — 1 — 









75 - 50 - 25 25 50 75 100 125 150 
Ta - Free-Air Temperature - °C 

Figure 6 

MAXIMUM NEGATIVE PEAK 
OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 




0.4 1 4 10 

lO - Output Current - mA 

Figure 8 



100 



tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2142, TLE2142A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



MAXIMUM PEAK OUTPUT VOLTAGE 

vs 

SETTLING TIME 



12.5 



10 
7.5 

5 
2.5 



-2.5 
-5 
-7.5 
-10 
-12.5 



I 

*VD = - 1 








»cc± 

T A = 2 


= X 13 V 

s-c 














/0.01% 
















Rising 










Falling 














0.01 % 








0.1'iOv 



























100 200 300 400 

Settling Time (ns) 

Figure 9 

HIGH-LEVEL OUTPUT VOLTAGE 
VS 

OUTPUT CURRENT 



500 




-100 



lo - Output Current - mA 

Figure 11 



MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE 
vs 

FREQUENCY 



> 
l 



Sr 

a 



Q. 
O 



a. 




100 k 



400 k 1 M 4 M 

f - Frequency - Hz 

Figure 10 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

OUTPUT CURRENT 



1400 




100 



Figure 12 



tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2142, TLE2142A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 

FREE-AIR TEMPERATURE 




-75 -50 -25 25 50 75 100 125 
T A - Free-Air Temperature - *C 

Figure 13 

CLOSED-LOOP OUTPUT IMPEDANCE 
vs 

FREQUENCY 



100 



i 



o 
i 



0.01 



0.001 
1 k 





30 a 






















\ V Av 


D = 100 
D= 10 
D= 1 






^ A V 

A V 











LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION AND PHASE SHIFT 

VS 

FREQUENCY 



m 
■o 
I 

c 

o 



E 
< 



b 



a 
> 
< 



150 



10 k 100 k 1M 

f - Frequency - Hz 



10M 




100 1k 10 k 100 k 1M 10 f 
f - Frequency - Hz 

Figure 14 

SHORT-CIRCUIT OUTPUT CURRENT 



FREE- 



RATURE 



60 



40 



O 

| 

o 

in 30 



o 















vcc 
v = 


t - i 



15 V 






V|D 


= 1 




































- 1 













-75 -50 -25 25 50 75 100 125 150 
T A - Free-Air Temperature - °C 



Figure 15 



Figure 16 



*Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2142, TLE2142A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



COMMON-MODE REJECTION RATIO 
vs 

FREQUENCY 



I 

DC 



i 

E 
o 
O 
I 

ec 
E 
s 

o 



140 
120 
100 
80 
60 
40 
20 







1 

V C C± = ±15V 
Ta = 25«C 
























































100 



1k 10 k 100 k 1M 

f - Frequency - Hz 

Figure 17 

SUPPLY VOLTAGE REJECTION RATIO 
vs 

FREQUENCY 



160 

m 

, 140 
o 

1 120 
c 



80 



60 



5 "0 



5 20 

<0 

















*SVR+ 












kSVR- 














































vcc± 


= ±2.5 V 


to ±15\ 


I 






T A = 2S°C 
I 











10 



100 



1 k 

f- 



10k 



100 k 

-Hz 



1 M 10M 



COMMON-MODE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 



120 



i «■ 

DC 



f 112 
DC 

1 108 

5 

E 

J 

I 104 

BB 
DC 



100 



1 

V|C 


1 

= V| C 


:r mh 


1 






C= 5 
N 


V 












































vcc 


t = * 


15 V 





























-75 -50 -25 25 50 75 100 125 150 
Tft - Free-Air Temperature - *C 

Figure 18 

SUPPLY-VOLTAGE REJECTION RATIO 
vs 

FREE-AIR TEMPERATURE 



110 



§ 10S 



S. 106 
i 

DC 



in 

I 102 

DC 
> 

in 



100 











I 

VcCd 


I • 

t = ± 


1 

2.5 V 


1 
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-75 - 50 - 25 25 50 75 100 125 150 
Ta - Free-Air Temperature - 'C 



Figure 19 



Figure 20 



r Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2142, TLE2142A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
PRECISION DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 



7.4 



7.0 



6.6 



6.2 



5.8 



5.4 



1 

V = 
No Load 
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V 


cc± 


= ±1 


5V y 




















v C c 


± = i 


:2.5 V 











































-75 -50 -25 25 50 75 100 125 150 
T/v - Free-Air Temperature - *C 

Figure 21 

EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 



> 
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a 100 



5- 50 
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v C c 
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t = ±15V 
100fi 


l\ TA = -5 
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10 k 
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Tft = 25°C 



T/v = -SS'C 



V = 
No Load 
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l v CC±l " Supply Voltage - V 

Figure 22 

EQUIVALENT INPUT NOISE VOLTAGE 
OVER A 10-SECOND PERIOD 



24 



750 



500 



I 250 



> 



-750 



V CC± = ±15 V 
f = 0.1 to 10 Hz 
T A = 25°C 



4 6 
I - Time - s 



Figure 23 



Figure 24 



tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2142, TLE2142A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



NOISE CURRENT 
vs 

FREQUENCY 
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-55°C 
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10 100 1 k 
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Figure 25 

SLEW RATE 
vs 

FREE-AIR TEMPERATURE 
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Figure 26 

SLEW RATE 
vs 

LOAD CAPACITANCE 
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Figure 27 



Figure 28 



T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2142, TLE2142A 
EXCALIBUR LOW-NOISE HIGH-SPEED 
DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



NONINVERT1NG 
LARGE-SIGNAL 
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Figure 29 
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Figure 30 
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Figure 31 Figure 32 

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of 
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TLE2142, TLE2142A 

EXCALIBUR LOW-NOISE HIGH-SPEED 

PRECISION DUAL OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 
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Figure 33 
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Figure 34 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2161, TLE2161A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER OPERATIONAL AMPLIFIERS 

D3371 , NOVEMBER 1989 - REVISED FEBRUARY 1991 



available features 

Excellent Output Drive Capability 
v = ± 2.5 V Mln at R|_ = 100 a, 

V CC ± = ±5V 
V = ± 12.5 V Min at R L = 600 tt, 
V C C± = ±15V 

• Low Supply Current ... 280 u.A Typ 

• Decompensated for High Slew Rate and 
Gain-Bandwidth Product 

Avd = 5 Mln 

Slew Rate = lOV/u.sTyp 

Gain-Bandwidth Product = 6.5 MHz Typ 

description 

The TLE2161, TLE2161A, and TLE2161B are 
JFET-input, low-power, precision operational 
amplifiers manufactured using the Texas 
Instruments Excalibur process. Decompensated 
for stability with a minimum closed-loop gain of 5, 
these devices combine outstanding output drive 
capability with low power consumption, excellent 
dc precision, and high gain-bandwidth product. 

In addition to maintaining the traditional JFET 
advantages of fast slew rates and low input bias 
and offset currents, the Excalibur process offers 
outstanding parametric stability over time and 
temperature. This results in a device that 
remains precise even with changes in tem- 
perature and over years of use. 

A variety of available options includes small- 
outline packages and chip-carrier versions for 
high-density system applications. 



Macromodel Included 

Wide Operating Supply Voltage Range 
V CC± = ± 3.5 V to ± 20 V 

High Open-Loop Gain ... 280 V/mV Typ 

Low Offset Voltage ... 500 uV Max 

Low Offset Voltage Drift With Time 
0.04 uV/month Typ 

Input Bias Current ... 5 pA Typ 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE SWING 
vs 

LOAD RESISTANCE 




100 1 k 

R|_ - Load Resistance - 



10 k 



AVAILABLE OPTIONS 



TA 


V|q max 
AT 25">C 


PACKAGE 


SMALL- 
OUTLINE 
(D) 


CHIP 
CARRIER 
(FK) 


CERAMIC 
DIP 

(JG) 


METAL 
CAN 

(L) 


PLASTIC 
DIP 

(P) 


o°c 

to 
70°C 


500 flV 
1.5 mV 
3 mV 


TLE2161ACD 
TLE2161CD 









TLE2161BCP 
TLE2161ACP 
TLE2161CP 


-40°C 

to 
85°C 


500 uV 
1.5 mV 
3mV 


TLE2161AID 
TLE2161ID 








TLE2161BIP 
TLE2161AIP 
TLE2161IP 


-55°C 

to 
125°C 


500 uV 
1.5 mV 
3mV 


TLE2161AMD 
TLE2161MD 


TLE2161AMFK 
TLE2161MFK 


TLE2161BMJG 
TLE2161AMJG 
TLE2161MJG 


TLE2161BML 
TLE2161AML 
TLE2161ML 


TLE2161BMP 
TLE2161AMP 
TLE2161MP 



D packages are available taped and reeled. Add U R" suffix to device type, (e.g., TLE2161 ACDR). 



intiin information currant at ol m 
ipacificituruparthatarmaofTaiaa .Jl*. 
Production procaning doat not IEXAS 



PRODUCTION DATA documantt contain information currant aa ol m Copyright © 1991 , Texas Instruments Incorporated 

publication data. Product! conform to ipacificationa partha ttrmaofTai" 
Inttrumints itandard warranty. Production procaning doat i 
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TLE2161, TLE2161A, TLE2161B 

EXCALIBUR JFET-INPUT HIGH OUTPUT-DRIVE 

UPOWER OPERATIONAL AMPLIFIERS 



description (continued) 

The C-suffix devices are characterized for operation from 0°C to 70°C . The I- suffix devices are characterized 
for operation from -40°C to 85°C. The M-suffix devices are characterized for operation over the full military 
temperature range of -55°C to 125°C. 



D, JG, OR P PACKAGE 
(TOP VIEW) 



OFFSET N1 [ 


1 


U- 


]NC 


IN-[ 


2 




]v cc + 


IN + [ 


3 


6 


]OUT 


Vcc-C 


4 


5 


] OFFSET N2 



FK PACKAGE 
(TOP VIEW) 

o ^ o o o 





/ 


NC 


4 


IN- 


5 


NC 


6 


IN + 


7 


NC 


8 



I II II II I I I 

3 2 1 20 19 



9 10 11 12 13 



18 [ NC 

17 [ vcc, 
16 [ NC 
15 [ OUT 
14 [ NC 



o logo 

z 8 Z 2 z 



L PACKAGE 
(TOP VIEW) 

NC 

OFFSET N1 A?) ® (t)\ V CC + 
IN - I© ®j OUT 

IN + \© © ®J OFFSET N2 



Pin 4 of the L package is in electrical 
contact with the case. 



NC - No internal connection 

equivalent schematic 



vcc- 




LO- 



AN component values are nominal. 
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TLE2161, TLE2161A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
jiPOWER OPERATIONAL AMPLIFIERS 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 



Supply voltage, V cc+ (see Note 1) 22 V 

Supply voltage, V^c- ~ 22 v 

Differential input voltage (see Note 2) ±44 V 

Input voltage range, V| (any input) V CC± 

Input current, l| (each input) ±1 mA 

Output current, Iq ±80 mA 

Total current into VqC+ terminal 80 mA 

Total current out of V cc _ terminal 80 mA 

Duration of short-circuit current at (or below) 25°C (see Note 3) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating free-air temperature range, T A : C-suffix 0°C to 70°C 

l-suffix -40°C to 85°C 

M-suffix -55°Cto 125°C 

Storage temperature range -65°C to 150°C 

Case temperature for 60 seconds: FK package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package 300°C 



NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vcc+ ar| d ^CC- ■ 

2. Differential voltages are at the noninverting input with respect to the inverting input. 

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum 
dissipation rating is not exceeded. 



DISSIPATION RATING TABLE 



PACKAGE 


T A < 25-C 


DERATING FACTOR 


T A = 70°C 


T A = 85-C 


T A = 125°C 


POWER RATING 


ABOVE T A = 25"C 1 


>OWER RATING 


POWER RATING 


»OWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


377 mW 


145 mW 


FK 


1375 mW 


11.0 mW/°C 


880 mW 


715 mW 


275 mW 


JG 


1050 mW 


8.4 mW/°C 


672 mW 


546 mW 


210 mW 


L 


650 mW 


5.2 mWre 


416 mW 


338 mW 


130 mW 


P 


1000 mW 


8.0 mW/°C 


640 mW 


520 mW 


200 mW 



recommended operating conditions 









C-SUFFIX 


l-SUFFIX 


M-SUFFIX 


UNIT 








MIN MAX 


MIN 


MAX 


MIN 


MAX 


Supply voltage, Vqc ± 


±3.5 


± 20 


± 3.5 


± 20 


±3.5 


±20 


V 


Common-mode 
input voltage, V|q 


VCC± 


= ±5 V 


-1.6 


4 


-1.6 


4 


- 1.6 


4 




v C c± 


= ± 15 V 


-11 


13 


-11 


13 


-11 


13 


V 


V CC ± 


= ± 20 V 


-15 16.5 


-15 


16.5 


- 15 


16.5 




Operating free-air temperature, T A 





70 


-40 85 


-55 


125 


°c 
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TLE2161C, TLE2161AC, TLE2161BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqq ± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2161C 


V| C = 0, R s = 50 £1 


25 C C 


0.8 3.1 


mV 


Full range 


4 


TLE2161AC 


25°C 


0.6 2.6 


Full range 


3.5 


TL.E2161BC 


25°C 


0.5 1.9 


Full range 


2.4 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


' IO Input offset current 


25°C 


1 


pA 


Full range 


0.8 


nA 


'|B Input bias current 


25°C 


3 


pA 


Full range 


2 


nA 


V ICR Common-mode input voltage range 




25°C 


-1.6 -2 
to to 
4 6 


V 


Full range 


- 1.6 
to 
4 


V 


v OM+ Maximum positive peak output voltage swing 


R|_ = 10 kQ 


25°C 


3.5 3.7 


V 


Full range 


3.3 


R|_ = 100 n 


25-C 


2.5 3.1 


Full range 


2 


v OM- Maximum negative peak output voltage swing 


R|_ = 10 k£J 


25°C 


-3.7 -3.9 




Full range 


-3.3 


V 


R|_ = 100 n 


25°C 


-2.5 -2.7 


Full range 


-2 


A VD Large-signal differential voltage amplification 


V = ±2.8 V, R|_ ± 10 k£2 


25=C 


15 80 


V/mV 


Full range 


2 


v D = 0to2V, R L = 100 n 


25°C 


0.75 45 


Full range 


0.5 


Vq = 0to-2V, R|_ = 100 n 


25°C 


0.5 3 


Full range 


0.25 


r i Input resistance 




25°C 


10*2 


a 


°i Input capacitance 




25°C 


4 


PF 


z o Open-loop output impedance 


Iq = o 


25°C 


280 


n 


CMRR Common-mode rejection ratio 


V IC = V ICR min . "S = 50 a 


25°C 


65 82 


6B 


Full range 


65 


ksVR Supply-voltage rejection ratio (AVcc ± 1 AV|q) 


V CC± = ±5 Vto±20 V, 
R S = 50 a 


25°C 


75 93 


dB 


Full range 


75 


ICC Supply current 


V = 0, No load 


25°C 


280 325 


uA 


Full range 


350 


Supply current change over 
operating temperature range 


Full range 


29 


uA 



fFull range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T A = 1 50°C extrapolated 
to T A = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2161C, TLE2161AC, TLE2161BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vrjc± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


SR Slew rate (see Figure 1 ) 


AvD = 5 . R L = 10 kn . C L = 100 P F 


25°C 


7 10 


V/us 


Full range 


5 


v Equivalent input noise voltage 
n (see Figure 2) 


Rs = 100 a, f = 10 Hz 


25°C 


59 100 


nV/VHz 


R s = 100 n, f = 1 kHz 


43 60 


Peak-to-peak equivalent input 
' ' noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


l n Equivalent input noise current 


f = 1 kHz 


25°C 


1 


fA/VHz 


THD Total harmonic distortion 


AvD = 5 . v O(PP) = 2V > 
f = 10 kHz, R L = 10 k£2 


25°C 


0.025% 




Gain-bandwidth product 
(see Figure 3) 


f = 100 kHz, R L = 10 kn, C L = 100 pF 


25°C 


5.8 


MHz 


f = 100 kHz, R L = 100 Q, C L = 100 pF 


4.3 


Settling time 


e - 0.1% 


25°C 


5 


us 


e = 0.01% 


10 


Maximum output-swing 
OM bandwidth 


A\/D = 5 . R L = 10 kn 


25°C 


420 


kHz 


4> m Phase margin (see Figure 3) 


A VD = 5, R|_ = 10 k£2, C L = 100 pF 


25°C 


70" 




Avo = 5, R|_ = 100 £2, C L = 100 pF 


84" 



tFull range is 0°C to 70°C. 




Texas ^ 
Instruments 

POST OFFICE BOX 655303 ■ DALLAS. TEXAS 75265 



385 



TLE2161C, TLE2161AC, TLE2161BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqc ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


TA 1 


MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2161C 


V| C = 0, R s = 50 O. 


25°C 


0.6 3 


mV 


Full range 


3.9 


TLE2161AC 


25°C 


0.5 1.5 


Full range 


2.5 


TLE2161BC 


25'C 


0.3 0.5 


Full range 


1 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


'lO Input offset current 


25°C 


2 


pA 


Full range 


1 


nA 


'IB Input bias current 


25°C 


4 


pA 


Full range 


3 


nA 


V ICR Common-mode input voltage range 




25°C 


- 11 - 12 
to to 
13 16 


V 


Full range 


- 11 
to 
13 


V 


v OM+ Maximum positive peak output voltage swing 


Rl = 10 kn 


25°C 


13.2 13.7 


V 


Full range 


13 


R[_ - 600 o. 


25°C 


12.5 13.2 


Full range 


12 


v OM- Maximum negative peak output voltage swing 




25°C 


-13.2 -13.7 


y 


Full range 


-13 


R|_ = 600 Si 


25°C 


-12.5 -13 


Full range 


- 12 


A VD Large-signal differential voltage amplification 


Vq = ±10V, R|_ = 10 k£2 


25°C 


30 230 


V/mV 


Full range 


20 


Vq = to 8 V, R L = 600 n 


25°C 


25 100 


Full range 


10 


Vq = to - 8 V, R|_ = 600 £1 


25»C 


3 25 


Full range 


1 


r i Input resistance 




25°C 


1012 


£1 


c i Input capacitance 




25°C 


4 


pF 


z o Open-loop output impedance 


k>-° 


25"C 


280 


n 


CMRR Common-mode rejection ratio 


V IC - V ICR min . R S = 50 n 


25°C 


72 90 


dB 


Full range 


70 


k SVR Supply-voltage rejection ratio (4V CC + / AV| D ) 


V CC± = +5 Vto±15V, 
R S = 50 £1 


25°C 


75 93 


dB 


Full range 


75 


'CC Supply current 


V Q = 0, No load 


25°C 


290 350 


V* 


Full range 


375 


A l cc Supply current change over 
operating temperature range 


Full range 


34 


pA 



♦Full range is 0°C to 70°C. 



NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 96 eV. 
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TLE2161C, TLE2161AC, TLE2161BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER OPERATIONAL AMPLIFIERS 



operatlngcharacteristicsatspecifiedfree-alrtemperature,Vcc+ = ± 15 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


TA 1 


MIN TYP MAX 


UNIT 


SR Slew rate (see Figure 1 ) 


A\/d =5, Ft|_ = 10 kn, C|_ - 100 pF 


25°C 


7 10 


V/us 


Full range 


5 


Equivalent input noise voltage 
n (see Figure 2) 


R s = 100 12, f = 10 Hz 


25°C 


70 100 


nV/VHz 


R s = 100 ii. f = 1 kHz 


40 60 


Peak-to-peak equivalent input 
' ' noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


l n Equivalent input noise current 


f = 1 kHz 


25°C 


1.1 


fA/VHz 


THD Total harmonic distortion 


A V D = 5, V 0( p P) = 2 V, 
f = 10 kHz, R L = 10 kn 


25°C 


0.025% 




Gain-bandwidth product 
(see Figure 3) 


f = 100 kHz, Rl = 10 kn, C(_ = 100 pF 


25°C 


6.4 


MHz 


f = 100 kHz R L = 600 CI. C L = 100 pF 


5.6 


Settling time 


e = 0.1% 


25°C 


5 




£ = 0.01% 


10 


Maximum output-swing 
OM bandwidth 


A V d = 5, R L = 10 kfl 


25°C 


116 


kHz 


m Phase margin (see Figure 3) 


AvD = 5 . R L = 10 kfl. C L = 100 pF 


25°C 


72° 




AvD = 5 . R l_ = 600£i, C L = 100 pF 


78° 



T Full range is 0°C to 70°C. 
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TLE2161C, TLE2161AC, TLE2161BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqc ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2161C 


V|c = 0. R s = 50 n 


25°C 


0.6 3 


mV 


Full range 


3.9 


TLE2161AC 


25°C 


0.6 1.6 


Full range 


2.5 


TLE2161BC 


25°C 


0.3 0.5 


Full range 


1 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


u.V/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 




ho Input offset current 


25"C 




Full range 


1 


nA 


l|B Input bias current 


25°C 


5 


pA 


Full range 


3 


nA 


V ICR Common-mode input voltage range 




25°C 


-15 -17 
to to 
16.5 21 


V 


Full range 


- 15 
to 
16.5 


V 


v OM+ Maximum positive peak output voltage swing 


Ri - 10 ko 


25°C 


18.2 18.7 


y 


Full range 


18 


R|_ = 600 £2 


25°C 


15 18.1 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


R|_ = 10 kQ 


25°C 


-18.2 -18.7 


V 


Full range 


-18 


R L = 600n 


25°C 


-15 -18 


Full range 


-12 


A VD Large-signal differential voltage amplification 


V D = ±15 V, R|_ ■ 10 kn 


25°C 


30 280 


V/mV 


Full range 


20 


Vq = to 10 V, R|_ = 600 n 


25°C 


25 80 


Full range 


10 


V Q = to -10 V, R L = 600 n 


25°C 


3 20 


Full range 


1 


1 Input resistance 




25°C 


1012 


a 


Cj Input capacitance 




25°C 


4 


PF 


z o Open-loop output impedance 


Iq = 


25°C 


280 


a 


CMRR Common-mode rejection ratio 


Vic = v icr min . R s = 50 n 


25°C 


75 91 


dB 


Full range 


70 


k SVR Supply-voltage rejection ratio (AV CC ± / AV| ) 


V CC± = ±5 Vto±20V, 
R s - 50 a 


25°C 


75 93 


dB 


Full range 


70 


'CC Supply current 


V C = 0, No load 


25°C 


300 375 


uA 


Full range 


400 


Supply current change over 
operating temperature range 


Full range 


18 


uA 



f Full range is 0°C to 70°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T^ = 1 50°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2161C, TLE2161AC, TLE2161BC 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vqq + = ± 20 V (unless otherwise noted) 



PARAMETER 


TF^T CONDITION*; 




MIN TYP MAX 


UNIT 


SR Slew rate (see Figure 1 ) 


AvD =5, R|_ = 10 kn, C L = 100 pF 


25°C 


7 1 


V/us 


Full range 




^ cquivaium input noise vuiiaye 
(see Figure 2) 


_ inn o f - in w-/ 


25°C 


75 1 00 


nV/VHz 


R s = 100 n, f = 1 kHz 


40 60 


Peak-to-peak equivalent input 
' ' noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


J n Equivalent input noise current 


f = 1 kHz 


25°C 


1 .3 


fA/VPTz 


THD Total harmonic distortion 


AVD = 5. V 0(PP) = 2 V, 
f = 10 kHz, R L = 10 kn 


25°C 


0.025% 




Gain-bandwidth product 
(see Figure 3) 


f = 100 kHz, R[_ = 10 kfl, C L = 100 pF 


25°C 


6.5 


MHz 


f = 100 kHz, R L = 600 £2, C|_ = 100 pF 


5.7 


Settling time 


E = 0.1% 


25°C 


5 


us 


e = 0.01% 


10 


Maximum output-swing 
OM bandwidth 


AyD = 5 . R|_ = 10 kn 


25°C 


85 


kHz 


m Phase margin (see Figure 3) 


A V D =5, R L = 10 kn, C L = 100 pF 


25°C 


72° 




a vd = 5 > r l = soon, C L = 100 pF 


78° 



tFull range is 0°C to 70°C. 
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TLE2161I, TLE2161AI, TLE2161BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vrjc ± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|o Input offset voltage 


TLE2161I 


V|c = 0. R s = son 


25°C 


0.8 3.1 


mV 


Full range 


4.4 


TLE2161AI 


25°C 


0.6 2.6 


Full range 


3.9 


TLE2161BI 


25°C 


0.5 1.9 


Full range 


2.7 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


u.V/mo 


'lO Input offset current 


25°C 


1 


pA 


Full range 


2 


nA 


'|B Input bias current 


25°C 


3 


pA 


Full range 


4 


nA 


V ICR Common-mode input voltage range 




25°C 


- 1 .6 - 2 
to to 
4 6 


V 


Full range 


- 1.6 
to 
4 


V 


v OM+ Maximum positive peak output voltage swing 


d. 1 n Lr» 
H[_ = IU KA2 


25°C 


3.5 3.7 


V 


Full range 


3.1 


D. inn n 
n[_ — luuw 


25°C 


2.5 3.1 


Full range 


2 


VOM- Maximum negative peak output voltage swing 


□ i m Lo 
n|_ — lu KiZ 


25°C 


-3.7 -3.9 




Full range 


-3.1 


R|_ = 100 n 


25°C 


-2.5 -2.7 


Full range 


-2 


A VD Large-signal differential voltage amplification 


Vq = ±2.8V, R|_ = 10 kn 


25°C 1 5 80 


V/mV 






Vq = 0to2 V, R L = 100 £2 


25°C 


0.75 45 


Full range 


0.5 


V = 0to-2V, R|_ ■ 100 n 


25=C 


0.5 3 


Full range 


0.25 


r i Input resistance 




25-C 


1012 


n 


c i Input capacitance 




25°C 


4 


PF 


z o Open-loop output impedance 


Iq = 


25°C 


280 


£1 


CMRR Common-mode rejection ratio 


V IC = V ICR min, R s = 50 £1 


25»C 


65 82 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AV CC + / AV| Q ) 


V CC± = ±5 Vto±20 V, 
R S = 50 n 


25°C 


75 93 


dB 


Full range 


65 


ICC Supply current 


Vq = 0, No load 


25°C 


280 325 


uA 


Full range 


350 


Supply current change over 
operating temperature range 


Full range 


29 


uA 



f Ful! range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T^ = 1 50°C extrapolated 



to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2161I, TLE2161AI, TLE2161BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vcc± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


SR Slew rate (see Figure 1 ) 


AvD - 5 . R L = 10 W*. C L = 100 P F 


25=C 


7 10 


V/U.S 


Full range 


5 


v Equivalent input noise voltage 
" (see Figure 2) 


R S - 100 £1, f = 10 Hz 


25°C 


59 100 


nV/VHz 


R S = 100 £1, f = 1 kHz 


43 60 


Peak-to-peak equivalent input 
N(PP) noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


l n Equivalent input noise current 


f = 1 kHz 


25°C 


1 


lAA'Hz 


THD Total harmonic distortion 


A V D = 5, V 0( pp) = 2 V, 
f = 10 kHz, R|_ = 10k£2 


25°C 


0.025% 




Gain-bandwidth product 
(see Figure 3) 


f = 100 kHz, R L = 10 kn, C L = 100 pF 


25°C 


5.8 


MHz 


f = 100 kHz, R L = 100 n, C L = 100 pF 


4.3 


Settling time 


e = 0.1% 


25°C 


5 


us 


e = 0.01% 


10 


Maximum output-swing 
OM bandwidth 


A V D =5. Rl = 10k£l 


25°C 


420 


kHz 


^ Phase margin (see Figure 3) 


A VD =5, R L = 10 kn, C L » 100 pF 


25°C 


70° 




Ayo =5, R L = 100 £2, C L = 100 pF 


84° 



^Full range is - 40°C to 85°C. 
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TLE2161I, TLE2161AI, TLE2161BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqq ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|Q Input offset voltage 


TLE2161I 


V| C =0, R s = 50 n 


25°C 


0.6 3 


mV 


Full range 


4.3 


TLE2161AI 


25°C 


0.5 1.5 


Full range 


2.9 


TLE2161BI 


25°C 


0.3 0.5 


Full range 


1.3 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


U.V/-C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


u,V/mo 


'lO Input offset current 


25'C 


2 


PA 


Full range 


3 


nA 


■ 

'|B Input bias current 


25°C 


4 


pA 


Full range 


5 


nA 


*lL<pt <^ommon-mooe mpui voiiage range 




25°C 


-11 -12 
to to 
13 16 


V 


Full range 


-11 
to 
13 


V 


v OM+ Maximum positive peak output voltage swing 


Ri - 10 k£l 

Fil — i\J r\i L 


25°C 


13.2 13.7 


V 


Full range 


13 


Rl = 600 n 


25°C 


12.5 13.2 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


Ri a 10 kSi 


25°C 


-13.2 -13.7 


v 


Full range 


- 13 


R(_ = 600 n 


25°C 


-12.5 -13 


Full range 


-12 


A VD Large-signal differential voltage amplification 


V = ±10V, R|_ a 10 kn 


25-C 


30 230 


V/mV 


Full range 


20 


Vq = to 8 V, R|_ = 600 n 


25°C 


25 100 


Full range 


10 


V = to - 8 V, R L = 600 a 


25°C 


3 25 


Full range 


1 


r i Input resistance 




25°C 


1012 


Q 


c i Input capacitance 




25°C 


4 


pF 


z o Open-loop output impedance 


l = 


25°C 


280 


n 


CMRR Common-mode rejection ratio 


V IC - V|CRmin, R s = 50 £2 


25°C 


72 90 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AV CC ± / AV| D ) 


V CC± = ±5Vto±15 V, 
R S = 50 a 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current 


V • 0, No load 


25°C 


290 350 


uA 


Full range 


375 


aJqq Supply current change over 
operating temperature range 


Full range 


34 


MA 



iFull range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2161I, TLE2161A1, TLE2161BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



operati ng characteristics at specified free-air temperature, V CC + = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


SR Slew rate (see Figure 1 ) 


VD **» **L — ■ L — P 


25°C 


7 10 


V/us 


Full range 


5 


v Equivalent input noise voltage 
n (see Figure 2) 


R s = 100 Q, f = 10 Hz 


25 C 


70 100 


nV/VRz 


R s = 100 n, f = 1 kHz 


40 60 


Peak-to-peak equivalent input 
N(PP) noise voltage 


1 = U. 1 HZ 10 1 u nz 


25°C 




U.V 


l n Equivalent input noise current 


f = 1 kHz 


25°C 


1.1 


fA/VRz 


THD Total harmonic distortion 


A VD = 5, V 0( p P) = 2 V, 
f = 10 kHz, R L = 10 kQ 


25°C 


0.025% 




Gain-bandwidth product 
(see Figure 3) 


f = 100 kHz, R|_ = 10 kQ. C L = 100 pF 


25-C 


6.4 


MHz 


f = 100 kHz, R|_ = 600 a. C L = 100 pF 


5.6 


Settling time 


E = 0.1% 


25°C 


5 


us 


£ = 0.01% 


10 


Maximum output-swing 
0M bandwidth 


Avd = 5 . R|_ = 10 kfi 


25°C 


116 


kHz 


<f, m Phase margin (see Figure 3) 


Ayo =5, R[_ = 10k£2, C|_ = 100 pF 


25°C 


72 = 




Avd = 5 . R|_ = 600 c l = 100 p f 


78° 



+ Full range is - 40°C to 85°C. 
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TLE2161I, TLE2161AI, TLE2161BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqc ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


TA 1 


MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2161I 


V| C = 0, R s = 50 n 


25°C 


0.6 3 


mV 


Full range 


4.3 


TLE2161AI 


25°C 


0.6 1.6 


Full range 


2.9 


TLE2161BI 


25°C 


03 0.5 


Full range 


1.3 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


nV/mo 


'lO Input offset current 


25°C 


3 


pA 


Full range 


3 


nA 


!|B Input bias current 


25°C 


5 


pA 


Full range 


5 


nA 


V ICR Common-mode input voltage range 




25°C 


-15 -17 
to to 
16.5 21 


V 


Full range 


-15 
to 
16.5 


V 


v OM+ Maximum positive peak output voltage swing 


R L = 10 kn 


25°C 


18.2 18.7 


V 


Full range 


18 


R|_ • 600 a 


25°C 


15 18.1 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


R|_ - 10 kn 


25°C 


-18.2 -18.7 


V 


Full range 


- 18 


R|_ = 600 Q 


25°C 


-15 -18 


Full range 


- 12 


*VD Large-signal differential voltage amplification 


Vq = + 15V, H[_ = 10 kw 


25°C 


30 280 


V/mV 


Full range 


20 


Vq = to 10 V, R|_ - 600 12 


25°C 


25 80 


Full range 


10 


V Q . to -10 V, R L = 600 n 


25°C 


3 20 


Full range 


1 


1 Input resistance 




25°C 


1012 


Si 


°i Input capacitance 




25°C 


4 




z o Open-loop output impedance 


to = o 


25°C 


280 


a 


CMRR Common-mode rejection ratio 


V IC - V ]CR min, R s = 50 iJ 


25°C 


75 91 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AVqc ± ' AV|q) 


V CC± - ±5 Vto±20 V, 
R s = 50 n 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current 


Vq = 0, No load 


25°C 


300 375 


pA 


Full range 


400 


A l cc Supply current change over 
operating temperature range 


Full range 


36 


uA 



tFull range is - 40°C to 85°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at 1^ = 150°C extrapolated 
to Ta ■ 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2161I, TLE2161AI, TLE2161BI 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air temperature, Vqc + = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


ta 1 


MIN TYP MAX 


UNIT 


SR Slew rate (see Figure 1) 


A V D = 5, Rl = 10 kn, C L ■ 100 pF 


25°C 


7 10 


V/U.S 


Full range 


5 


v Equivalent input noise voltage 
n (see Figure 2) 


R s = 100 a, f = 10 Hz 


25°C 


75 100 


nV/VHz 


R s = 100 £1, 1-1 kHz 


40 60 


Peak-to-peak equivalent input 
' ' noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


uV 


l n Equivalent input noise current 


f = 1 kHz 


25°C 


1.3 


fA/VHz 


THD Total harmonic distortion 


A VD = 5. V 0( p P) = 2 V, 
f = 10 kHz, R L = 10 k£l 


25°C 


0.025% 




Gain-bandwidth product 
(see Figure 3) 


f = 100 kHz, R L = 10 k£l, C L = 100 pF 


25°C 


6.5 


MHz 


f = 100 kHz, R|_ = 600 a. C L = 100 pF 


5.7 


Settling time 


e = 0.1% 


25-C 


5 


us 


e = 0.01% 


10 


Maximum output-swing 
0M bandwidth 


Avd - 5 . R[_ = 10 kn 


25°C 


85 


kHz 


m Phase margin (see Figure 3) 


A V d = 5, R|_ = 10 kn, C L = 100 pF 


25°C 


72° 




Avd =5, Rl = soon, c L = 100 p f 


78° 



tFull range is - 40°C to 85°C. 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vcc ± = ± 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2161M 


V| C =0, R S = son 


25°C 


0.8 3.1 


mV 


Full range 


6 


TLE2161AM 


25°C 


0.6 2.6 


Full range 


4.6 


TLE2161BM 


25°C 


0.5 1.9 


Full range 


3.1 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 




Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 uV/mo 


'lO Input offset current 


25°C 


1 


pA 


Full range 


15 


nA 


!|B Input bias current 


25°C 


3 


pA 


Full range 


30 


nA 


V ICR Common-mode input voltage range 




25°C 


- 1 .6 - 2 
to to 
4 6 


V 


Full range 


-1.6 
to 
4 


V 




R|_ = 10 kA 


25°C 


3.5 3.7 


V 






Full range 


3 


VOM ^ ax ' mum P os i'' ve P ea ' < 
output voltage swing 


FK, JG, and 
L packages 


R[_ = 600 £2 


25°C 


2.5 3.6 


Full range 


2 


D and P 
packages 


Rl = 100 n 


25°C 


2.5 3.1 


Full range 


2 




R|_ = 10 kti 


25°C 


-3.7 -3.9 


V 






Full range 


-3 


Vqm Maximum negative peak 
output voltage swing 


FK, JG. and 
L packages 


Rl = 600 n 


25°C 


- 2.5 - 3.5 


Full range 


-2 


DandP 
packages 


R|_ = 100 n 


25°C 


-2.5 -2.7 


Full range 


-2 




Vq » ±2.8V, R|_ = 10 kn 


25°C 


15 80 


V/mV 






Full range 


2 


Avd Large-signal differential 
voltage amplification 


FK, JG. and 
L packages 


Vq = 0to2.5V, R L = 600SJ 


25°C 


1 65 


Full range 


0.5 


Vq = to - 2.5 V, R|_ = 600 £2 


25°C 


1 16 


Full range 


0.5 


D and P 
packages 


V = 0to2 V, R L . 100 n 


25°C 


0.75 45 


Full range 


0.5 


V =0to-2V, R|_ = ioon 


25°C 


0.5 3 


Full range 


0.25 



fFull range is -55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T^ = 150°C extrapolated 
to T^ = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 



TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, V cc± = ±5V (unless otherwise noted) 
(continued) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


rj Input resistance 




25°C 


1012 


n 


Cj Input capacitance 




25°C 


4 


pF 


z Open-loop output impedance 


l = 


25°C 


280 


n 


CMRR Common-mode rejection ratio 


V IC " V ICR min . R S = 50 n 


25°C 


65 82 


dB 


Full range 


60 


k SVR Supply-voltage rejection ratio (AVcc + ' AVjq) 


V cc± = ±5Vto±20 V, 
R S = 50 n 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current 


V = 0, No load 


25°C 


280 325 


MA 


Full range 


350 


Supply current change over 
operating temperature range 


Full range 


39 


uA 


T Full range is - 55°C to 1 25°C. 

operating characteristics, Vcc± = ±5V, "!> = 25°C 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


SR Slew rate (see Figure 1 ) 


A VD =5, R[_ = 10 kn, C L = 100 pF 


10 


V/u,s 


V n Equivalent input noise voltage (see Figure 2) 


R 3 = 100 12, f = 10 Hz 


59 


nVWRz 


R s = 100 n, i = 1 kHz 


43 


V N(PP) Peak-to-peak equivalent input noise voltage 


f = 0.1 Hz to 10 Hz 


1.1 


uV 


l n Equivalent input noise current 


f = 1 kHz 


1 


fA/VRi 


THD Total harmonic distortion 


A V D - 5, V 0( pp) = 2 V, 
f - 10 kHz, R|_ = 10 kn 


0.025% 




Gain-bandwidth product (see Figure 3) 


f = 100 kHz, R[_ = 10 kn, C L m 100 pF 


5.8 


MHz 


f = 100 kHz, R L = 600 n, C L = 100 pF 


4.3 


Settling time 


£ = 0.1% 


5 


us 


£ = 0.01% 


10 


Bom Maximum output-swing bandwidth 


A V D =5, R L = 10 kn 


420 


kHz 


m Phase margin (see Figure 3) 


A VD = 5, R L = 10 kn, C L = 100 pF 


70 ' 




A V d =5, R|_ = 600 n, C L = 100 pF 


84° 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vqc ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


Ta 1 


MIN TYP MAX 


UNIT 


V|q lnpu< offset voltage 


TLE2161M 


V| C =0, R s = 50 n 


25°C 


0.6 3 


mV 


Full range 


6 


TLE2161AM 


25°C 


0.5 1.5 


Full range 


3.6 


TLE2161BM 


25°C 


0.3 0.5 


Full range 


1.7 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


uV/°C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


uV/mo 


'lO Input offset current 


25°C 


2 


pA 


Full range 


20 


nA 


'IB Input bias current 


25°C 


4 


pA 


Full range 


40 


nA 


V ICR Common-mode input voltage range 




25°C 


-11 -12 
to to 
13 16 


V 


Full range 


- 11 
to 
13 


V 


v OM+ Maximum positive peak output voltage swing 


R|_ = 10 kn 


25°C 


13.2 13.7 


V 


Full range 


12.5 


R|_ = 600 £2 


25°C 


125 132 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


R[_ = 10 kn 


25°C 


-13.2 -13 7 


V 


Full range 


- 12.5 


Rl = 600 n 


25°C 


-12.5 -13 


Full range 


- 12 


A VD Large-signal differential voltage amplification 


Vq = ± 10 V, R|_ = 10 k£2 


25°C 


30 230 


V/mV 


Full range 


20 


Vq = to 8 V, R|_ = 600 n 


25°C 


25 100 


Full range 


7 


V Q = 1O-8V, R L = 600 n 


25°C 


3 25 


Full range 


1 


r i Input resistance 




25"C 


1012 


n 


c i Input capacitance 




25°C 


4 




z o Open-loop output impedance 


l = 


25°C 


280 


ii 


CMRR Common-mode rejection ratio 


V IC - V| C R min, R S = 50 n 


25°C 


72 90 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AVqc ± ' AV|q) 


V CC± = ±5 V to ± 15 V, 
R s = 50 n 


25°C 


75 93 


dB 


Full range 


65 


ICC Supply current 


Vq - 0, No load 


25°C 


290 350 


uA 


Full range 


375 


A l cc Supply current change over 
operating temperature range 


Full range 


46 


uA 



iFull range is -55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 1 68 hours of operating life test at T A = 1 50°C extrapolated 
to T A - 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



operating characteristics at specified free-air tem perature, Vqc ± = ± 1 5 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 




MIN TYP MAX 


UNIT 


SR Slew rate (see Figure 1 ) 


Avd = 5 - R L = 10 k". Cl_ = 100 pF 


25°C 


7 10 


V/jis 


Full range 


5 


Pmiiualont inntif nnicp Uitltstno 
y t^Ui vditri h ii ipui 1 lUtoC v Wluayc 

n (see Figure 2) 


Ro - 100 O f - 10 H7 


25°C 


70 


nV/Vflz 


R s = 100 n, f = 1 kHz 


40 


Poalf.tn.noaL om liualetnt inmit 
r cdri l\j poem cLjUl Vdltf 1 11 II ipui 

' ' noise voltage 


f = 0.1 Hz to 10 Hz 


25°C 


1.1 


|iV 


l n Equivalent input noise current 


f = 1 kHz 


25°C 


1.1 


fA/VHz 


THD Total harmonic distortion 


a V d - s, v 0( pp) - 2 V, 

f = 10 kHz, R|_ = 10 kn 


25°C 


0.025% 




Gain-bandwidth product 
(see Figure 3) 


f = 100 kHz, R L . 10 kfl, C|_ = 100 pF 


25°C 


6.4 


MHz 


f = 100 kHz, R L = 600 a, C L = 100 pF 


5.6 


Settling time 


e = 0.1% 


CO O 


5 


V 


£ = 0.01% 


10 


Maximum output-swing 
0M bandwidth 


Avd = s, r l = 10 kn 


25°C 


116 


kHz 


ip m Phase margin (see Figure 3) 


Avd = 5 . R L = 10 k". c L = 100 pF 


25°C 


72° 




a vd = 5 . r l = soon, c L = ioo p f 


78° 



tFull range is - 55°C to 1 25°C. 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



electrical characteristics at specified free-air temperature, Vfjc ± = ± 20 V (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


T A T 


MIN TYP MAX 


UNIT 


V|q Input offset voltage 


TLE2161M 


V| C = 0, R s = 50 n 


25°C 


0.6 ' 3 


mV 


Full range 


6 


TLE2161AM 


25°C 


0.6 1.6 


Full range 


3.6 


TLE2161BM 


25°C 


0.3 0.5 


Full range 


1.7 


a VIO Temperature coefficient of input offset voltage 


Full range 


6 


u-V/"C 


Input offset voltage long-term drift (see Note 4) 


25°C 


0.04 


u.V/mo 


'lO Input offset current 


25°C 


3 


PA 


Full range 


20 


nA 


'|B Input bias current 


25°C 


5 


pA 


Full range 


40 


nA 


V|CR Common-mode input voltage range 




25°C 


-15 -17 
to to 
16.5 21 


V 


Full range 


- 15 
to 

16.5 


V 


v OM+ Maximum positive peak output voltage swing 


R L = 10 kn 


25°C 


18.2 18.7 


V 


Full range 


17.5 


R[_ = 600 n 


25°C 


15 18.1 


Full range 


12 


v OM- Maximum negative peak output voltage swing 


R|_ = 10 kn 


25°C 


-18.2 -18.7 


V 


Full range 


- 17.5 


R L = 600 n 


25°C 


-15 -18 


Full range 


- 12 


A VD Large-signal differential voltage amplification 


v Q = ±15 v, Rl = 10 kn 


25°C 


30 280 


V/mV 


Full range 


20 


V o = 0to10V, R L = 600n 


25°C 


25 80 


Full range 


10 


V G = to -10 V, R L = 600 n 


25°C 


3 20 


Full range 


1 


1 Input resistance 




25°C 


10'^ 


n 


°i Input capacitance 




25°C 


4 


pF 


z o Open-loop output impedance 


l = 


25=C 


280 


a 


CMRR Common-mode rejection ratio 


V IC = V ICR min . R S = 50 n 


25°C 


75 91 


dB 


Full range 


65 


k SVR Supply-voltage rejection ratio (AVcc ± ' AV|q) 


V CC± - +5 Vto + 20 V, 
R s = 50 n 


25°C 


75 93 


dB 


Full range 


65 


'CC Supply current 


Vq = 0, No load 


25°C 


300 375 


uA 


Full range 


400 


A l Supply current change over 
operating temperature range 


Full range 


50 


uA 



f Full range is -55°C to 125°C. 

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty\ = 150°C extrapolated 
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV. 
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TLE2161M, TLE2161AM, TLE2161BM 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER OPERATIONAL AMPLIFIERS 



operating characteristics, Vqc± = ±20V, = 25°C 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


SR Slew rate (see Figure 1 ) 


A V D =5, Rl = 10 kn, Cl = 100 pF 


10 


V/us 


V n Equivalent input noise voltage (see Figure 2) 


R s - 100 n, f = 10 Hz 


75 


nV/VRz 


R s = 100 £J, f = 1 kHz 


40 


Vkj/pp) Peak-to-peak equivalent input noise voltage 


f = 0.1 Hz to 10 Hz 


1.1 


|iV 


l n Equivalent input noise current 


f = 1 kHz 


1.3 


tA/VHz 


THD Total harmonic distortion 


A VD = 5, v 0(PP) = 2 V, 
f = 10 kHz, R|_ = 10 kO 


0.025% 




Gain-bandwidth product (see Figure 3) 


f = 100 kHz, R L = 10 kn. C L = 100 pF 


6.5 


MHz 


f = 100 kHz, R L = 600 £5, C L = 100 pF 


5.7 


Settling time 


e = 0.1% 


5 


pa 


E = 0.01% 


10 


Bom Maximum output-swing bandwidth 


A VD = 5, Rl = 10 kn 


85 


kHz 


ip m Phase margin (see Figure 3) 


Ayo =5, R L = 10 k£l, C L = 100 pF 


72° 




A V D =5, Rl = 600 n, C L = 100 pF 


78° 
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TLE2161, TLE2161A, TLE2161B 

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

UPOWER OPERATIONAL AMPLIFIERS 



PARAMETER MEASUREMENT INFORMATION 



2kn 




NOTE A: C|_ includes fixture capacitance. 

Figure 1. Slew Rate Test Circuit 




Figure 2. Noise Voltage Test Circuit 




NOTE A: C|_ includes fixture capacitance. 

Figure 3. Gain-Bandwidth I 



Test Circuit 
typical values 

Typical values as presented in this data sheet represent the median (50% point) of device parametric 
performance. 

input bias and offset current 

At the picoampere bias-current level typical of the TLE2161, TLE2161A, and TLE2161B, accurate 
measurement of the bias current becomes difficult. Not only does this measurement require a picoammeter, 
but test socket leakages can easily exceed the actual device bias currents. To accurately measure these small 
currents, Texas Instruments uses a two-step process. The socket leakage is measured using picoammeters 
with bias voltages applied but with no device in the socket. The device is then inserted into the socket and 
a second test that measures both the socket leakage and the device input bias current is performed. The two 
measurements are then subtracted algebraically to determine the bias current of the device. 
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TLE2161, TLE2161A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 

table of graphs 
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TLE2161, TLE2161A, TLE2161B 

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

^POWER OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



TLE2161 
DISTRIBUTION OF 
INPUT OFFSET VOLTAGE 
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10 



1 1 1 1 1 1 

736 Amplifiers tested from 3 wafer lots 

V C C± = ±« V 
T A = 25'C 
P Package 
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Figure 4 

INPUT BIAS CURRENT 
and INPUT OFFSET CURRENT 
vs 

FREE-AIR TEMPERATURE 
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Figure 6 
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INPUT BIAS CURRENT 
vs 

COMMON-MODE INPUT VOLTAGE 
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Figure 5 
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INPUT VOLTAGE RANGE LIMITS 
vs 

FREE-AIR TEMPERATURE 
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T A - Free-Air Temperature - °C 

Figure 7 



f Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 

, Texas ^ 
Instruments 

404 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 



TLE2161, TLE2161A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

AMPLIFIERS 



TYPICAL CHARACTERISTICS 
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Figure 11 
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TLE2161, TLE2161A, TLE2161B 

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

UPOWER OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 



MAXIMUM PEAK OUTPUT VOLTAGE 
vs 

SUPPLY VOLTAGE 
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Figure 12 
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vs 

FREQUENCY 
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Figure 14 
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Figure 15 
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TLE2161, TLE2161A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
^iPOWER OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



LARGE-SIGNAL DIFFERENTIAL VOLTAGE 
AMPLIFICATION and PHASE SHIFT 
vs 

FREQUENCY 
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LARGE-SIGNAL VOLTAGE AMPLIFICATION 
vs 

FREE-AIR TEMPERATURE 
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Figure 16 
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Figure 19 



f Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices 
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TLE2161, TLE2161A, TLE2161B 

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

■iPOWER OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS* 



OUTPUT IMPEDANCE 
vs 

FREQUENCY 
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Figure 20 
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VS 
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Figure 22 
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vs 
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Figure 21 

SUPPLY CURRENT 
vs 

FREE-AIR TEMPERATURE 



340 



1 
i 

c 



320 



300 



260 



240 
-75 



v = 

NOI 


1 

i 

.OAO 


















VcCi 


= ±- 


!0 V^, 




















:± = 


bis V 








vc 


C± = 


±5V 























-SO -25 25 SO 75 100 125 
Ta - Free-Air Temperature - "C 

Figure 23 



T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 

, Texas ^ 
Instruments 

408 POST OFFICE BOX 655303 ■ DALLAS. TEXAS 75265 



TLE2161, TLE2161A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
•iPOWER OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 
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Figure 26 
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Figure 25 
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TLE2161, TLE2161A, TLE2161B 

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

UPOWER OPERATIONAL AMPLIFIERS 



TYPICAL CHARACTERISTICS 



NOISE VOLTAGE 
(REFERRED TO INPUT) 
OVER A 10-SECOND INTERVAL 



V C c± ■ ±15 V 
f = 0.1 to 10 Hz 
Ta = 25'C 



a 

o 
> 

1 




EQUIVALENT INPUT NOISE VOLTAGE 
vs 

FREQUENCY 



100 




Figure 28 



10 100 1 k 

f - Frequency - Hz 

Figure 29 



10k 



r 

I 



0.25 



0.2 



0.15 



0.1 



0.05 



TOTAL HARMONIC DISTORTION 
vs 

FREQUENCY 



— i i i linn — 

AvD = 5 
VO(PP)= 2 V 
T A = 25'C 



SOURCE SIGNAL 



VCC± = ±5V 



V CC± = ±20 V J 



10 



100 



1 k 



10 k 



100 k 



f - Frequency - Hz 

Figure 30 
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TLE2161, TLE21B1A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
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TYPICAL CHARACTERISTICS* 



GAIN-BANDWIDTH PRODUCT 
vs 

SUPPLY VOLTAGE 



6.2 



S 5.8 



5.4 



f = 100 kHz 

Rl = 10 kn 

Ci = 100 dF 








T A = 25 
See Fig i 


°C 
re 3 







































4 8 12 16 

|Vcc± I -Supply Voltage -V 

Figure 32 

PHASE MARGIN 

vs 

SUPPLY VOLTAGE 



73' 



72° 



a. 

I 

J 



70° 



67° 



20 



— I 1 

*VD = 5 

Rl = 10 kn 

C L = 100 pF 
T A = 25'C 


I 




























" Se 


s Fig 


jre 3 

































































































4 6 8 10 12 14 16 18 20 
l v CC± I _ Supply Voltage - V 

Figure 34 



GAIN-BANDWIDTH PRODUCT 
vs 

FREE-AIR TEMPERATURE 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLE2161, TLE2161A, TLE2161B 

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

UPOWER OPERATIONAL AMPLIFIERS 



APPLICATION INFORMATION 



macromodel Information 



Macromodel information provided was derived using PSpice"" Parts'" model generation software. The Boyle 
macromodel (see Note 5) and subcircuit in Figures 36 and 37 were generated using the TLE2161 typical 
electrical and operating characteristics at 25°C. Using this information, output simulations of the following key 
parameters can be generated to a tolerance of 20% (in most cases): 



Maximum positive output voltage swing 
Maximum negative output voltage swing 
Slew rate 

Quiescent power dissipation 

Input bias current 

Open-loop voltage amplification 



Gain-bandwidth product 

Common-mode rejection ratio 

Phase margin 

DC output resistance 

AC output resistance 

Short-circuit output current limit 




din 



V C C 



Figure 36. Boyle Macromodel 



►dip 



91 



C) oo* 



92 



OUT 



NOTE 5: G. R. Boyle, B. M. Cohn, D. O. 

of Solid-State Circuits. SC-9, 353 (1974 



E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers", IEEE Journal 



PSpice is a registered trademark of MicroSim Corporation. 
Parts is a trademark of MicroSim Corporation. 



Macro modal), timulation modalt, orothar modali provided oyTI, directly 
or indirectly, art not warranted by T1 aa fully repreaanting ail ol tin 
tpacificationt and operating charactariitict of tilt itmiconductor product 
to which tha modal relatat. 
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TLE2161, TLE2161A, TLE2161B 
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 
UPOWER OPERATIONAL AMPLIFIERS 



APPLICATION INFORMATION 



macromodel information (continued) 

.subckt TLE2161 1 2 3 4 5 



ognd 99 poly(2) (3,0) (4,0) .5 .5 

■a vlp via 4.085E6 -4E6 4E6 4E6 -4E6 

-6 
-9 



cl 


11 


12 


125 . 4E-14 


c2 


6 


7 


5 . 000E-12 


dc 


5 


53 


dx 


da 


54 


5 


dx 


dip 


90 


91 


dx 


din 


92 


90 


dx 


dp 


4 


3 


dx 


ognd 


99 





poly(2) (3,0) 


fb 


7 


99 


poly (5) vb vc 


9» 


6 





11 12 201. 1E- 


gem 





€ 


10 99 3.576E- 


in 


3 


10 


dc 45.00E-6 


hlim 


90 





vlim IK 


jl 


11 


2 


10 jx 


j2 


12 


1 


10 jx 


r2 


6 


9 


100. 0E3 


rdl 


4 


11 


4 . 973E3 


rd2 


4 


12 


4 . 973E3 


rol 


8 


5 


280 


3T02 


7 


99 


280 


=p 


3 


4 


113. 2E3 


r»» 


10 


99 


4.444E6 


vb 


9 





dc 


vc 


3 


53 


dc 2 


vo 


54 


4 


dc 2 


vllm 


7 


8 


dc 


vlp 


91 





dc 50 


vln 





92 


dc 50 



.modal dx D (Is=8 00 . 0E-18) 

.modal jx PJF (Is=l . 0O0E-12 Bata=480E-6 Vto=-l) 
.anda 

Figure 37. Marcomodel Subclrcult 
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TLE2161, TLE2161A, TLE2161B 

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 

jiPOWER OPERATIONAL AMPLIFIERS 



APPLICATION INFORMATION 



input characteristics 

The TLE2161, TLE2161A and TLE2161B are specified with a minimum and a maximum input voltage that, 
if exceeded at either input, could cause the device to malfunction. 

Because of the extremely high input impedance and resulting low bias-current requirements, the TLE2161, 
TLE2161A, and TLE2161B are well-suited for low-level signal processing; however, leakage currents on 
printed circuit boards and sockets can easily exceed bias-current requirements and cause degradation in 
system performance. It is a good practice to include guard rings around inputs (see Figure 38). These guards 
should be driven from a low-impedance source at the same voltage level as the common-mode input. 



input offset voltage nulling 

The TLE2161 series offers external null pins that can be used to further reduce the input offset voltage. The 
circuit of Figure 39 can be connected as shown if the feature is desired. If external nulling is not needed, the 
null pins may be left disconnected. 




Figure 38. Use of Guard Rings 




vcc- 



Figure 39. Input Offset Voltage Nulling 
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TLE2425C, TLE2425Y 
PRECISION VIRTUAL GROUND 



D3824, MARCH 1991 



available features 

2.5 V Virtual Ground for 5-V/GND Analog 
Systems 

Self-Contalned In a 3-termlnal TO-226AA * 
Package 

• High Output Current Capability 

Sink ... 20 mA Typ m 
Source ... 20 mA Typ 

description 

In signal-conditioning applications using a single 
power source, a reference voltage is required tor 
termination of all signal grounds. To accomplish this, 
engineers have typically used solutions consisting 
of resistors, capacitors, operational amplifiers, and 
voltage references. Texas Instruments has elimi- 
nated all of those components with one easy-to-use 
three-terminal device. That device is the TLE2425 
precision virtual ground. 

Use of the TLE2425 over other typical circuit solu- 
tions gives the designer increased dynamic signal 
range, improved signal-to-noise ratio, lower distor- 
tion, improved signal accuracy, and easier interfac- 
ing to ADCs and DACs. These benefits are the 
result of combining a precision micropower voltage 
reference and a high-performance precision op- 
erational amplifier in a single silicon chip. It is the 
precision and performance of these two circuit 
functions together that yield such dramatic system- 
level performance. 

The TLE2425 improves input regulation as well as 
output regulation, and in addition reduces output 
impedance and power dissipation in a majority of 
virtual-ground-generation circuits. Both input regu- 
lation and load regulation exceed 1 2 bits of accuracy 
on a single 5-V system. Signal-conditioning front- 
ends of data acquisition systems that push 12 bits 
and beyond can use the TLE2425 to eliminate a 
major source of system error. 

The TLE2425C is characterized for Operation from 
0°C to 70°C. 



• Micropower Operation ... 170 jiA Typ 

• Excellent Regulation Characteristics 
Output Regulation = 45 uV Typ, 

iO= Oto ±10mA 
Input Regulation =1.5 (iV/V Typ 



Low-Impedance Output 



0.0075 Q Typ 



OUTPUT REGULATION 
vs 

OUTPUT CURRENT 



o> 20 

5 

O 10 
« 

D5 

2 
o 

> 

3 -10 

Q. 

O -20 
I 

.O -30 

< 

-40 
-50 



V| 
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i°C 


















TA 


= 0' 


: v 












































T A = 


70"( 












r A = 


25°( 

















-10 -8 -6 -4 -2 2 4 6 
Iq - Output Current - mA 



AVAILABLE OPTIONS 



10 





PACKAGE 


SMALL- 
OUTLINE 

(D) 


PLASTIC 
TO-226AA 
(LP) 


CHIP 
FORM 

(V) 


0°Cto 
70°C 


TLE2425CD 


TLE242SCLP 


TLE2425Y 



D packages are available taped and reeled. Add "R" suffix 
to device type (e.g., TLE2425CDR). 



PRODUCTION DATA documents contain Inlormalion _ Copyright © 1 991 , Texas Instruments Incorporated 

current as ol publication date. Products conform to Jn 
speculations per tne terms ol Texas Instruments TlTYAC 
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TLE2425C, TLE2425Y 
PRECISION VIRTUAL GROUND 



TLE2425C ... LP PACKAGE 
(TOP VIEW) 




TLE2425C . . . D OR JG PACKAGE 
(TOP VIEW) 



OUT[ 
COMMON [ 
IN [ 
NC[4 



7TJI 

2 7 

3 6 



]NC 

]nc 
Inc 

5 ]NC 



NC - No internal connection. 



TLE2425Y chip information 

These chips, properly assembled, display characteristics similiarto the TLE2425, (see electrical table on page 5). 
Thermal compression or ultrasonic bonding may be used on the doped aluminum bonding pads. Chips may be 
mounted with conductive epoxy or a gold-silicon preform. 



BONDING PAD ASSIGNMENTS 




(3) 



CHIP THICKNESS: 
15 TYPICAL 

BONDING PADS: 
4X4 MINIMUM 

TJMAX = 150-C 

TOLERANCES 
ARE ±10% 

ALL DIMENSIONS 
ARE IN MILS 



Note: Both number-2 bonding pads and both number-3 

bonding pads must betonded out to the corresponding 
pins. 



(1) 


IN 


OUT 




COMMON 






(2) 
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TLE2425C, TLE2425Y 
PRECISION VIRTUAL GROUND 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 

Continuous input voltage 40 V 

Output current, Iq ±50 mA 

Duration ot short-circuit current at (or below) 25°C (see Note 1) unlimited 

Continuous total dissipation See Dissipation Rating Table 

Operating tree-air temperature range, T^: C-suffix 0°C to 70°C 

Storage temperature range -65°C to 150°C 

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D package 260°C 

Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or LP package 300°C 

NOTE 1 : The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum dissipation 
rating is not exceeded. 

DISSIPATION RATING TABLE 



PACKAGE 


T A < 25"C 


DERATING FACTOR 


T A = 70«C 


POWER RATING 


ABOVE T A = 25'C 


POWER RATING 


D 


725 mW 


5.8 mW/°C 


464 mW 


JG 


1050 mW 


8.4 mW/°C 


672 mW 


LP 


775 mW 


6.2 mW/°C 


496 mW 



recommended operating conditions 





MIN MAX 


UNIT 


Input voltage, V| 


4 40 


V 


Operating free-air temperature, T A : C-suffix 


70 


°c 
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TLE2425C 

PRECISION VIRTUAL GROUND 



electrical characteristics at specified free-air temperature, V| = 5V, Iq = (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


TA + 


MIN TYP MAX 


UNIT 


Vq Output voltage 




25°C 


2.48 2.50 2.52 


V 


Full range 


2.47 2.53 


Temperature coefficient of 
a VO output voltage 




25°C 


20 


ppm/°C 


Bias current 


Iq-o 


25°C 


170 250 


I* 


Full range 


250 


Input regulation 




V| = 4.5 V to 5.5 V 


25°C 


1.5 20 


uV 


Full range 


25 


V, = 4 V to 40 V 


25°C 


1.5 20 


uWV 


Full range 


25 


Rinnlp rpipftion 


f = 120 Hz, AV|(ppj = 1 V 


25°C 


80 


dB 


Output regulation* 
(source current) 


IO = 0to-10mA 


25°C 


45 160 


uV 


Full range 


250 


Iq = to -20 mA, 


25°C 


150 450 


Output regulation* 
(sink current) 


Iq = to 10 mA 


25°C 


15 160 


uV 
P v 


run rdiiyt; 


250 


Iq = to 20 mA, 


25°C 


65 235 


Long-term stability of output voltage 


At = 1000 h, NoncumulaSve 


25°C 


15 


Ppm 


z Output impedance 




25°C 


7.5 22.5 


mQ 


Short-circuit output current 


Sink current, Vq = 5 V 


25°C 


30 55 


mA 


Source current, Vq = 


-30 -50 


Output noise voltage, mis 


f =10 Hz to 10 kHz 


25°C 


100 


uV 


Output voltage response to output 
current step 


V o to0.1%, l o = ±10mA 


C L = 


25°C 


110 


P« 


C L = 100 pF 


115 
180 


Vq to 0.01%, l o = ±10mA 


C L = 


C L = 100pF 


180 


Output voltage response to input 
voltage step 


V| = 4.5 to 5.5 V, V o to0.1% 


25°C 


12 


us 


V| = 4.5 to 5.5 V, V Q to 0.01% 


30 


Output voltage turn-on response 


V| = 0to5V, V o to0.1% 


25°C 


125 


us 


V| = 0to5V, V to 0.01% 


210 



T Full range is 0°C to 70°C. 
♦Sample tested. 
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TLE2425Y 

PRECISION VIRTUAL GROUND 



electrical characteristics at V| = 5 V, Iq = °» T A = 25 ° c (unless otherwise noted) 



PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 






2.48 2.50 2.52 


V 


Tpmnpraturp rnpffirjpnt nf mitmit 

aVO voltage 




20 


ppm/°C 


Ris^ ci irrpnt 


1^-0 

IQ - V 


170 250 


uA 


Input regulation 


Vj = 4.5 V to 5.5 V 


1 5 20 


uV 


V| = 4 V to 40 V 


1.5 20 


uV/V 


Ripple rejection 


f = 120 Hz, AV|(p P) = 1 V 


80 


dB 


Output regulation* 


IO = 0to-10mA 


45 160 


uV 


lO = to -20 mA, 


150 450 


Output regulation* 

1,-311 ll\ LUIIrJI \l) 


Iq = to 10 mA 


15 160 


uV 


Iq = to 20 mA, 


65 235 


z Output impedance 






mQ 


Short-circuit output current 


Sink current, Vq = 5 V 


30 55 


mA 


Source current, Vq = 


-30 -50 


Output noise voltage, rms 


f =10 Hz to 10 kHz 


100 


uV 


Output voltage response to output 
current step 


V o to0.1%, l o = ±10mA 


C L = 


110 


us 


C L = 100 pF 


115 


V to 0.01%, l o = ±10mA 


C L = 


180 


C L = 100 pF 


180 


Output voltage response to input 
voltage step 


V| = 4.5 to 5.5 V, V o to0.1% 


12 


us 


V| = 4.5 to 5.5 V, V to 0.01% 


30 


Output voltage turn-on response 


V| = 0to5V, V o to0.1% 


125 


us 


V| = 0to5V, Vq to 0.01% 


210 



♦Sample 
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TLE2425C 

PRECISION VIRTUAL GROUND 



TYPICAL CHARACTERISTICS 



TABLE OF GRAPHS 


FIGURE 


Vo 


Output voltage 
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1 


vs 
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2 


Output voltage hysteresis 


vs 
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3 


Bias current 


vs 
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4 


vs 


Temperature 


5 


Input regulation 






6 




Ripple rejection 






7 
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vs 


Output current 


8 
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vs 
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9 
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vs 
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10 
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vs 
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11 
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vs 
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12 
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vs 
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13 
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vs 
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14 
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vs 
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15 
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vs 
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16 
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TLE2425C 

PRECISION VIRTUAL GROUND 



TYPICAL CHARACTERISTICS 
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TLE2425C 

PRECISION VIRTUAL GROUND 



TYPICAL CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 



OUTPUT IMPEDANCE 

vs 

FREQUENCY 
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TLE2425C 

PRECISION VIRTUAL GROUND 



TYPICAL CHARACTERISTICS 
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